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AllSTRACT 



The object of this work was to investigate the effects 
of a hydrofoil located at the stern of a high-speed surface 
vessel. Damping out of l^o first hump in the stern wave 
train of the vessel appears to be possible by the use of a 
properly pocitioned hydrofoil having correct dirensions. 
Hence, in particular, this thesis was directed toward 
establishing t?ie effects on total resistance coefficient 
v/hich resulted from varying hydrofoil chord length, longi- 
tutinal position, angle of attack, and depth of subnergenc© 

The vessel tested with stern hydrofoils was a model 
of 3 fine-lined, transom-stex*n, destroyer type ship. To 
this raodcl were attached hydrofoils vNhose basic shape 
corresponded to N.A.C.A. Foil No. 63o*-618. The chord 
length of this standard shape was varied so as to produce 
a family of five similar hydrofoils. For each of these 
hydrofoils the optimum longitudinal position and angle of 
attack was determined. For the smallest chord length 
hydrofoil the effect of depth of submergence was evaluated. 
Finally, with each foil at its optiraum position, the effect 
on tihe Eodel*s total resistance coefficient ^as established 

As an indication of the results to be achieved with 
bow hydrofoils on t^’.is particular vessel, the final stages 
of the investigation were devoted to determining the proper 
position for a bov/ hydrofoil. The effects produced by 
locating the hydrofoil at that position were then evaiuated 

It v/as found that for tho particular vessel under 
consideration no reduction in total resistance coefficient 
by use of stern hydrofoils was possible, Additiorsally, 
it further appeared that bov; hydrofoils voould cause no 
improvement in total resistance charactex'istics for this 
vessel. 
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The presence of stern hydrofoils of varyii"^ 
chord length was consistently deleterious, hence the 
apparent optimun positi’>n and chord length were optipum 
only in thfst they caused the least increase in total 
resistance coefficiento The optimuci (LBP)/(cho rd length) 
ratio was found to be 25.99. The optimi^a longitucJinal 
position was 1,0115 x (LB?) aft of the forward per- 
pendicular, The optiroun:! (cut away angle)/(angl« ol 
attack) ratio was (-) 13, The optimum depth ef sub- 
mergence was one chord length. 

The conclusion drav;n from this work is that th© 
application of stern hydrofoils to very fine-lined 
hull forms will result in no reduction of stem v»ave 
making resistance. Additionally, the presence of a 
bov# hydrofoil beneath a bulbous type bow appears to 
result in no reduction of bow wave making resistance 
for the hull form that was investigated* 

In order to verify the conclusion reached as to 
the effect of hull form on the results caused by sterT\ 
hydrofoils, it is recommended that a full-bodied node! 
having the sane displac^iient and wetted surface as that 
tested in this thesis be built. Then, to this new model 
apply th© same family of stern hydrofoils in order to 
determine if e beneficial result can be achieved on 
fuller hull forms. 
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Background Theory 
1„ Rp.'sistgnco Theory ^ 

Any body moving through water will encounter a 
resistance to its motion*. In the case of a body only 
partially submerged in water, this resistance is made 
up of three components which ares 

1. Frictional resistance 
?» Eddy or forjr, resistance* 

3« Y'avQ msaking resistance. 

Frictional resistance is a function of the vis~ 

ccsity of the mediuiti, while the wave making resistance 

is independent of viscosity, Eddy or form resistance 

was long considered to be independent of viscosity alaoj 

(' ) 

however, present-day invostigators^*' have esteblished 
that the form resistance should prcporly be grouped vath 
the frictional resistance, since they are both deprnde^^t 
on the viscosity of the watoxo Therefore, they arc 
functions of Reynolds* number, vii'.ile the wav© making 
resistance is considered to be 3 functi'-.n of Froude*s 
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number, Mow a considorcti o the - esittc-nce 

characteristics oi ship-shaped bodi s in general indi- 
cates that 3t low values of Froudo’s nuirbr f V/7^, oi 
speed-length ratio V//L, the m#jor oercen tago oi a 
vessel’s total resistance is du^. to friction* Hov-ever, 
when the value of the speed-length ratio increase's to 
unity and greeter, the wave making resistance shovs a 
sharp increase v;hile the frictional resistance tends 
to decrease* This increase in weve making resistance 
at the high speed-length ratios is of considerable 
significance, for it represents en ever increasing 
power that must be built into any ship that will be 
driven at high speeds* Cuite obviously, it would be 
to the designer’s advantage if he could achieve a re- 
duction in tMs high speed v/ave making resistance by 
some means wt^ich were loss costly than the propulsion 
equipment necessary to achieve the added high speed. 
fiitb this thought in mind, it then follows that it 
night be possible to employ some device wliich would 
I'educG the wave making resistance to a d agree signi- 
ficantly greater th^n the expected increase in the 
frictions! and eddy resistances due to the device. 

2 . Ship Wave qharacteristics 

The fact that ships do create waves as they move 
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throuch wst€i is univeraally realized, but wrat ic not 
so jwidoly knov»-n is the fact thdt these waves are really 
the resultant of two families of weveso The bov. and 
stern of any ship undesrwoy are traveling disturbances, 
and as such they each cause to be formed a v/ave family 
w-hich consists of a diverging system end a transverse 
system. (See Fig. I.) To Lord Kelvin credit is 
given for a mothematicai solution which defines this 
transverse-diverging wave group in terms of an ideal 
problem. There are some variations from actuality in 
the classic Kelvin solution, but these are to be ex- 
pected since Kelvin considers the disturbance as being 
due to forces at one single point, whereas for a ship 
the disturbing forces are spread over the hullo It is 
to be noted that those two families of waves v<iil change 
their basic properties of amplitude and wave length as 
the speed of the ship varies. As the speed increases, 
the transverse components of each fafrdly tend, to increase 
in wave length. 

New in examination of wave making resistance versus 
speed-length ratio curves, it is customary to find that 
these curves are characterized by distinct hollows and 
humps. These hollows and humps are explained by the 
fact tht.t the bov? and stern transverse waves have come 
into coincidence either in phase so as to result in more 
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FIGURE I . 

KELVIN WAVE GROUP a SHIP WAVE TRAINS 




CRESTS OF A KELVIN WAVE GROUP CAUSED BY A TRAVELLING 
DISTURBANCE AT 0 . 




BOW AND STERN WAVE SYSTEMS SHOWING DIVERGENT AND TRANSVERSE 
CREST GROUPS . 
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resistance (hence a hump), or oi t o ph->se so • ^ t<- 
result in less resistance (hence a hollow). Perha’^a 
this phenomena is better explained by quetino the voix:s 
o^ Profo K.b.M. Davidson^^^: 



"...0 fJow the residual resistance is simply 
the excess of the sum o* the aftwar-d-acting 
components of the normal pressure forces on 
the fore body over the sum of the forward 
acting components on the after body. The 
pressures themselves tend to be high when 
the surface levels are high, and low when 
the Surface levels axe low. Thus the humps 
and hollows are accounted for, qualitatively, 
by the effect of the wave train initiated 
at the bow on the surface levels around 
the stern,*’ (See Fig. II,) 



From the standpoint of reduction of wave making 
resistance, the essence of what has just been stated 
is thiss if e secondary wave system is imposod upon 
8 primary system so that the two systems ore out of 
phase by 180 degrees, there will be a reduction in the 
amplitude of the primary system. This reduction can 
theoretically be a complete reduction to a zero level 
of disturbance if the amplitude of the sec'*ndary system 
and its other wave characteristics ere the same as those 
of the prinery. Assuming that the primai*y system can be 
reduced or eliminated by socjq dovico, it would appear 
that a reduction in wave making resistance would result. 
But now, the problem has been simplified to that of 
finding a device which is capable of producing a con- 
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RESIDUAL RESISTANCE 



FIGURE n . 

BOW-STERN WAVE INTERFERENCE 





31 A. EFFECTS OF BOW a STERN WAVE COINCIDENCE. 




EB. CORRELATION BETWEEN WAVE PROFILES a SHAPE 
OF RESIDUAL RESISTANCE CURVE . 
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trolioble sec ndary wove di .turbonce, ..ijcii. a devl.e 
po*-«ibly b® a hycr-'foil, c*nd i-o Ife-t 
the properties of a hydrofoil, 

3i> Properties of a^ Hydrofoil 



In addition to the lift and dreg characteristics 
possessed by these underr^ater wings, or hydrofoils, 
there is a third characteristic of particular note. 
Hydrofoils will csu&e a wsve~liks disturbance to be 
set up on th« free surface of the water. Keidysch 
and Lavrentiev in 1934 arrived at a two- 
dimensional treatment of the problem in which they 
considered the hydrofoil as being a bound vortex. 

They proposed the following expression which indi- 
cated the v/ave ordinate, y, that exists at a distance 
X aft of the bound vortex (whose strength is T) wtien 
the vortex is at submergence h in a free streem velocity 
of V fpS8 



y =; 





ain 



ox 



( 1 ) 



In practice, this has been found to be a good approxi- 

mati n to the surface for distances of one-quarter wove 

( 3’) 

length or more behind the foil' The fact that it is 
an approximation though is easily understood, for V:hen 
we consider the hydrofoil from a three-dinensional 
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standpoint we necessarily introduce tht, effects of 
trailing vortices. These vorticee will yroductf trcns- 
ver^e waves which are notev. by the presence o ^rooster- 
tails*’ in the wake of tho foil. 

No'-, returning to our origin-' 1 pro''oaal to eeiv ioy 
s •*'6 device which would be able to lessen wavonaking 
rosistanco, it would ippear that a psoperly positi-.'ned 
hydrofoil adjusted so that it produced high circulation, 
TV would be an answer to this quest* Accordingly, what 
has boon described before in this Introduction will now 
serve to explain the reasons behind tho investigations 
and proposals that will next be tnenticned, 

Chr noloqic>^l Background pX ?•' . I . T , Hydrofoil 
invoa t jog tim^ s 

This thesis is essentially one raore step in a series 

of investigations at the f.l,I,T, i-hip ktodei Towing Tank 

into the us® of properly placed hydrofoils as wavensking 

( 5 ^ 

reduction devices,^ ' 

The first investigations were conducted by J,P., 

Pouillng, Jr» and Henry Keziowski^ in 1952„ In 

tho subsequent year of 1953, A,L. Beal and Abrahcra 

Zakay' continued Mr» ?auliing*s investigations. Also 

f o’) 

in 1953, C.E, Jones and V\.H, Brooks'- '^ carried out an 
investlg»ti-on to detern-ine the nature of the surface 
waves generated by submerged hydr''foils<s, 
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Meocrs. Paullinq^ Dcc-1, anc ZaK<y h^ve 
that a reduction in wavemakinn resistance can be achieved 
by the us® of bow hydrofoil® of proper desion. Mr^ Koz- 
lowski in the final staqes of his investigative work 
obtained results thi. t indicated th^it horizontally placed 
stern hydrofoils *lso could brinr ab^ut a reduction In 
v^avo raaking resistance. 

Intentions o.f Tl^io Investioatlorv 

This investigation serves to continue l*ir. Kozlowki»s 
work vdth a more detailed analysis of stern hydrofoils. 

In particular it v/ss decided that the effects of varying 
the hydrofoil chord length, angle of attack, depth of 
subraorgence and fore-and-aft position would be investi- 
gated. In ojrder to shorten the testing schedule so that 
it GouJd be completed in the availebie time, it was 
further decided to investigate the effects of the stern 
hydrofoil at only tv^ ship-speed ranges, namely, 15 knots 
and 32 knots. These, of course, were the most oignif leant 
speeds since they represented tho cruising and full power 
speeds of the actual vessel. If a significant reduction 
in wave raaking r esistance could be achieved in either or 
both of these ranges, then there would be justification 
for consideration of the hydrofoil^ s effect over the 
entire speed range. With these thoughts in mind, 1st us 
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nest consider the onuipnent tlu t was employed in this 
investigation , 

Description of nQuiDwent 
Chip M?del 

The selection of the model to bo tested required 
that careful attention be paid to the limitations on 
roodol size brought about by t}ie physical dimensions of 
the fl.I.T* Towing Tank, which was to b e the location of 
testing. Mr. Kozlowski in his work had employed a model 
of & destroyer type vessel whose length was f.5 feet. 

In ordor to reach the designed 1,82 speed-length ratio 
of the ship, he found it necessary to drive the tnodel 
to a speed of 4,26 knots. At this high speed he found 
that the model was very liable to yaw, end thrt the runs 
were of such short duration that many runs had to bo re- 
peated in order to be certain of the xeli ability of the 
readings. 

It v^ias therefore clear that a smaller mocel than 
that employed by Mr, Kozio^^ski was needed. Accordingly, 
arrangements were picde with the David W, Taylor fiodei 
Basin for the loan of e suitable model. The model re- 
ceived was that of a fine lined, transom-stern, anti- 
submarine-warfsro type vessel. The designed speed 
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len’th ratio of the ship was 1*403 vvhicn necessitated 
driving the 4»333 ft* nodel to only o speed of 
knots wlien considering the 32 knot opeed range o«. the 
full size ship. Full details of this od«i v^iil be 
found in Appendix A, and a photograph of it may bo seen 
in Figure III* 

«-iodel Towing bracket * (see Fig* IV.) 

Upon receipt of the 4»333 foot model from the 
David Taylor Model Basin, it ucs clear that the very 
light weight of tlie Riodel (7*63 pounds) and its very 
narrow beam (0*4460 would possibly cause stability 
problems during towing, Tho conventional towing 
bracket used at the M*I.T, Towing Tank is designed for 
models of 25 pounds or more in weight.. These h«a'/icr 
models make it quite acceptable to add s horizontal, 
hollow, aluminum bar at the upper ends of the towing 
arms, in which is carried a spring loaded mechanism for 
adjusting towing cable tensicn to fiv© pounds. However, 
for this lighter 7,63 pound model it was indicated that 
a special lightweight towing bracket was necessary sc 
as to guard against possible capsizing of the model* 

The possibility of capsizing v^as due to the high 
weight of the tension adjusting rod, hence elimination 
of this danger called for eiiminetion of the tension 
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FiaJRE III 
Model DTl^iB-CO 332 
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Note ponsanentiy instolled level on forecastle, and plastic 
covering over open portions of hull* 



r-TOJP.E IV 

Details of Balsa Tovdng Bracket 
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fJoto the heavy tension setting bar in tlie foreground. P.I.T 
Towing Tank bracket is sliovai in the background. Contrast 
this vdth the balsa bracket In the middle which has a lower 
center of gravity. 



d jus ting device* It was v/itt sore misgivings tl.t the 
d- clsi n to elininat© this device was mcde* The • ppliod 
towing force for any given run must be corrected for tho 
frictional resistance introduced by the dynanoneter system. 
In order to evaluate the magnitude oi thic frictional 
resistance it is necessary to maintain a constant static 
tension in the tov/ing cable. Of course, this tension 
could be varied, but it is the practice to maintain it 
at five pounds* The alternative that had to be accepted 
was to first sot the tovdng cable tension at five pounds 
by means of the tension-setting spring-loaded aluminum 
bar which hod been separated from its associated cora- 
ponents» When this had been done, a length of very fine 
bronze wire of low ductility and low elasticity was 
passed in between the two ends of the tov/ing cable 
(v^iich wiere attached to the tension-setting device). 

This wire was then adjusted in length so thvt it exactly 
equalled the distance between the connecting points on 
the tension-setting d evice. Thereafter, the five pound 
pull was transferred to the bronze wiie, the tension- 
setting device v/as slackened, and then finally renxjved* 

As regards the actual towing arms, they were con- 
structed of ^-inch sheet balsa v/ood. They were similar 
to a T-type stiffener in cross sect! n, and were attached 
to the model by means of oluminura bearing rings which 
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fitted over a plexiglass shaft-, Thi shaft in ti*rn \»as 
rigidly attached to the ^fodel by aluxiinum angl- oiccesc 
As can be inferred from this descripti'-n;, every cfi'o-t 
was raade to keep the towing bracket as li'-^t o*. pOiSible, 
but still of adequate strength, Dotsilb this arrange- 
ment may be seen »ost clearly in Figure IV.. 

3- Hydrofoils . (see Fig. V.) 

In the original conception of this thesis it hod 
been intended that before any attempts v;erc node to 
select a suitable hydrofoil shape there would be a de- 
tailed photographic analysis made of the sterri wave 
characteristics of th© modol« From this analysis it 
would hove been possible to have determined the wave 
ordinates^ y, that were to be cancelled by the secondary 
wave disturbance created by the submerged hydrofoil, 
Consideraticn of the Keldysch-Lavrontiev fo:rmula. 



J 




v^ill indicate that if we had such wav® ordinates, v® 
could substitute their values (with negative algebraic 
signs) into this fomuia. Then, for given x values 
and h values of the hydrofoil, and at a given speed 
range V, wo could determine the necessary value of 
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FIOJHE V 



Ffimily of n.A.C,A. iiydrofoiis 




■ 16 *- 



in this invsstigaticn* Not© the unfinishodp as-cut 
-loO inch hydrofoil in the foregi“cund«, 




circulation, TV that would have to exict to satisfy the 
equation* 

Now for rn air foil, or hydrofoil, tJie circulation 
around the ; oil is defined by: 



r* i Cj_ 



u„ c 
o 



(O 



This expression indicates th-t for e given approach 
velocity, u^, the produced circulation, F;, is directly 
proportional to the coefficient of lift, , end tiie 
foil chord length, c« 



If circulation was the only characteristic 
affected by changes in tl-is coefficient of lift and the 
chord length, the probletrs would be much sir.plifiod* 
However it must be realized th; t the., ear© two addi ci '.nsi 
foil characteristics that will be affected by sny cliange 
in or Cs, When ic increased, there is generally an 
increase in the coefficient of dr*g, Cr^, of the foil. 

This infers an increased form resistance. Aclditionsily, 
as the chord of the foil is increased, the v/otted sur~ 
face of the hydrofoil is increased, and this infers an 
increased frictional resistance. Hence discrinination 
must be exercised in » selection of and c the.t ax*e 
to produce the required circulation. 

Now if it hdd been possible to photographict-lly 
deterriine the wave ordinates, an analysis could have 
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been nade to have deton-.inod the optimur values of 
and c by the use of the Kcldysch-Lavrentiev formula. 
However, other conditions forced this hotocjraphic 
analysis to be omitted. Originally, arrangements had 
been made with the Sloan Automotive Laboratory machine 
shop to machine cut the desired hydrofoils during the 
last part of !s.*arch 1954 ® This schedule wou d have per- 
mitted a photographic analysis. Instead, the machine 
shop found that it was faced v>ith a high oriority block 
of machining work that vreuld be at its peak just when 
the original schedule had called for the hydrofoils to 
be cut. Hence, the photographic analysis had to be 
omitted, for the sake of obtaining the services of the 
special foil cutting machine. 

Lacking a photographic analysis, sore other 
rational methods had to be devised so es to form a basis 
on which to determine the hydrofoil cross-section, span, 
chords, and tip shape. 

The hydrofoil cross-section selected v.'as based upon 
« careful consideration of the lift-dreg characteristics 
of the many standard N.A.C.A, sections described in re- 
ference (ll). What was noi^t wanted in the foils con- 
sidered as a high lift to dreg ratio es the angle of 
attack of the foil increased. Approximately eight 
different foils wrere fovnd to be outstanding in this 
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property and a sciecticn of any one fro or->’>ng thie 
grou ) V(8S based on very snull differences that ii.icht 
casi.ly be considered arbitrary. It is quite po-sible 
that the foil shape selected wee not the best shopo, 
and tht t some other shape night have been better, but 
it is believed that the differences would have been 
slights N.A^C.A, section 63^-618 was thex'sfore 
selected for this investigation, A list of the otlicr 
possible foils will be found in Appendix B, 

The decision as to the span diraoruion oi the foil 
was coerced by the need for control over the number of 
variables that were to be considered. Under the dis- 
cussion devoted to Intentions of This Invest! cy tion 
it has already been mentioned that hydrofoil chord 
length, angle of attack, depth of enljmergencc, and 
fore-snd-aft position wore the variables under con- 
sidex'ation® It was felt that these were the most im- 
portant variables and that span length should be kept 
Constant at a value equal to that of the model *s greatest 
beam, that is, 0.446 ft« 

As regards chord lengths for the hy-'rofoil, it 
was the original intention in this investigation that 
a family of hydrofoils should be tested. This family 
was to be of ttio same basic shape (fox' example, N,A,C,A« 
632~618) and was to have a constant span of 0*446 ft* 
However, the chord length was to be varied. Since 
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i^.r, Kozlowski h<d erripioyed a foil wiosc L.B.P* /chord 
length ratio was 24 to 1, it v-ae felt th' t a fiinily of 
five folio which brackotod this ratio would givo rcoson~ 
able assurance of success* Accordingly, a fanily of 
foils having chords of 3 inches, 2-, 5 inches, 2 inches, 

1»5 inches, and 1 inch was decided upon* 

Before leaving the discussion of the hydrofoils 
it should be stated that it was purposely decided to 
leave the tip edges of the foils blunt and square* It 
was realized that additional form dreg losses, as tip 
vortices, would result} however, the foils had been 
inachino cut, end hence were ns nearly similar as possible. 
Any tapering of the tips v»uid have been done by hand, 
and since dissimilarity as well as danger of breakage 
would result, it was decided not to alter the tips. 
Additionally, the foils were cut from mahogany, and 
so a thinning of the tips vw>uld hove increased the 
chances of warpag© while the foils were submerged. 

In Appendix C will be found additional details on the 
N,A.C*A, 63^-618 shape that was employed. 

Hydrofoil Support Device and Track 

(see Fig, VI « ) 

The design of the hydrofoil support device had 
to meet three requirements. It h-d to be of ciinir.'.um 
weight, had to insure close positioning accuracy, and 
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FIGURE VI 

Details or Stern Hydrofoil Supp 02 rfc Device 







Showing the 1*5 inch foil set r.t keel depth 



rao&t of ali|, h...d to be simolo ia op: ration# Th ce 
aims \fce-ro quite well net in every respect. The support 
device was of aluminum and lightness v,ao further achieved 
by liberal use of lightening holes# The positi ning track 
upon which the support device rode was merely a piece of 
1 inch wide sail tx-ack as used on sail boats. This piece 
of track wes considerably lightened by removing the 
entire central web of the track with a niliing machine# 
Additionally, the riding lips of the track weie lightened 
by lightening holes. 

To facilitate the setting of the hydrofoil support 
device in different positions relative to the After 

Perpendicular of the model, a plastic strip of 1/16- 

s 

inch thickness ruled off in 10 ‘ of a foot was in- 
serted between the lips of the positioning track. The 
rulers A,P, index, was offset three ..uarters of an inch 
aft of the A.Pe so as to coincide with the index mark on 
the support device which was three quarters of an inch 
aft of the support point on the foil. Next, it should 
be mentioned that the foil support point was at a position 
on the foil moan line a distance of 25 % of the chord aft 
of the leading edge* (see Appendix C) . 

5« reviews for Setting Angles of Attack on Foils 
(see Fig. VII) 

A descriotion of the equipment used in this thesis 
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FXGOriE VII 



Eciuipnont and Set—up fox Setting Angi®® 
of Attack 







spirit level and declivity boax'ds on table » 
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rrsunt incluc’e those devices uced ror srettinQ angles of 
attack “n tho foils. Perhaps an enumeration of how 
a givon angle of attack is set is the best way to 
present the description., 

A incll vise was first secured to a table, and 
then in the jo*»s of the vise was set a wooden block 
to which hv*d been secured a smell length i~inch 
sail track. By means of a spirit ifvel, this block 
was levelled, vdth the track in an inverted position. 
Thereafter, the- foil support device was attached to 
the track. 

Next, a foil was screwed into position between 
the aitns of the sup ort device. Then, in order to 
set a given angle of attack, a previously prepared 
declivity board was set upon the lower face of the 
foil vtfhich was actually in an uppermost position. 

The spirit level was next set upon this declivity 
board, and tho foil was rotated until the spirit 
level became level, indicating that the desired angle 
was set. The one disadvantage of this method was that 
it necessitated removal of the foil and foil support 
device from the model if it ^sas desired to check tho 
setting between runs. It was found that accurate 
and constant fixation of the foil was definitely 
achiovodj however, the author must concede that even 
more accurate and more simple means of setting angles 
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II, pnocEDtmE 



The lNThOa;CTI'3r^J to this thesis has indicated that 
for a family of five hydrofoils, all of the same basic 
shape, en investigation was rade to determine what 
effects on total resistance were realized when these 
foils were mounted aft on a line-lined ti'ansom-stem 
fsodel. Additionally, it .as stated that only inodel 
speeds corresponding to 15 knots and 32 knots vsfei-e 
to be considered® Further, for each foil an evaluation 
was to be made of the effects on total resistance re- 
sulting from varying the angle of attack, longitudinal 
position, and depth of submergence* 

With the above requirements in mind a procedure 
was therefore set up which allowed consideration of one 
variable at a time, while the remaining two variables 
were hold constant® In this manner, the optimum value 
of cne variable, corresponding to certain constant 
values of tl^je rersaining tvx), was found* Thereafter, 
this optimism value of the first variable was used as 
one of the tv^o constants, and then a second variable 
was considered until an optimum value v.as found for it. 
Of course, this procedure was continued for the third 
variable. 
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Ndw it is recdiiy apparent thct this is an iterative 
solution, and it could hove been repeated any nimber of 
times desired. In order to carry the first solution 
through as has been done in this thesis, it \*os necessary 
to conduct no less than 337 runs, *o it is clear th. t 
the number of variables must be limited, or the testing 
program will becore excessively involved# 

The model speeds corresponding to 15 «.nd 32 knots 
on the full size ship were 1#370 and 2#920 knots. Now 
for any given position of a foil on the model the de- 
sired data was the value of the total resistance- co- 
efficient st either 1.370 or 2-.920 knots# This v/as 
most easily fovjnd by towing the model ct speeds which 
bracketed those mentioned, and thvn plotting curves 
of versus speed-length ratio# The Cj value of the 
curve at the speed range being considered .^as then read 
directly. 

Once the value oi the total resistance coefficient 
for a given foil position at either of the speed ranges 
was found, it next followed that a curve of Cj versus 
the vcrisble being considered should be plotted# From 
the shape of this curve it possible to determine 
the optinian value of the variable for minimum C^# This 
approach »vas employed in detemining both the optinura 
longitudinal position and the optimum angle of attack 
for the 1 inch, i#5 inch and 2 inch hydrofoils. 
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Only in the case f the 1-inch foil wos the depth 
01 subraergence ellov.'ed to vary,, Referencea nd (9) 

h..d indicated that the hydrofoils should not be closer 
to the froG surface of the water than one chord length. 

How in order to maintain a realistic approach to 
possible application of hydrofoils to full size vessels 
it v;as made a rigid stipulation that the foils should 
not be set belov the base line of the model. This base 
line was i.76i inches below the free surface, and 
tlverefore only the 1.5 inch and 1 inch foils were of 
sr..all enough chord length to permit any movement between 
limits of one chord length and the base line. Since 
the allowable downward rovoment of the 1,5 inch foil 
was only 0,261 inches, it was decided to keep the depth 
of submergence constant at 1,761 inches for all foils 
exceot tho 1 inch foil. In the case cf the 1 inch foil 
the depth of submergence was allowed to vary between 
the limits of 1 inch and 1,761 inches. 

After completion of the optirr.um attack angle and 
optirafem longitudinal position tests in the 32 knot range 
on the 1 inch, 1,5 inch and 2 inch stern hydrofoils, it 
became clear that no reduction in totol resistance co- 
efficient was being achieved by the use of the stern 
hydrofoils, Furthemoro, the data that had boon collected 
indicated that the 2,5 inch and 3,0 inch foils would most 
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orobobly produce even vwroe results# Hence no attempt 
' cs •’•c.de to carry out optimum attcck angle and longi- 
tudinal po&ition tests on these ronaining foilt. In- 
stead, on the basis of the curves already plotted, 
their optinum positions were estitnated by extrapolation. 
They were then set at these positions and tested in the 
32 knot range„ In the Case of the 3 inch foil it was 
also tested in the 15 knot range. Full details of the 
series of 14 tests devoted to stern hydrofoil investi- 
gation will be found in Appendix D, 

The lack of success achieved ••ith stern hydrofoils 
on this particular fine-lined model served to erours® 
curiosity ss to whether or not bow hydrofoils might not 
be rore successful. As a final phase of this work, it 
was therefore decided to determine whot results could 
be achieved by mounting the 2 inch foil on the bow of 
the model. Slight modificaticnc to the hydrofoil support 
device in the form of lengthened support arms were 
necessary. Also, due to the sheer curve of the bow, the 
Support track was mounted sorevrfiat differently. These 
details will be noted in Figure VIII, 

The 2 inch bow hydrofoil r sintained at a con- 
stant depth of submergence of 1,761 inches. In the 
exact sare manner as was dono in the stem investigation, 
optisr.un longitudinal position tests were first carried 
cut followed by optimujr. attack angle tests. 
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riajRE VIII 

Details of Bov/ Hydrofoil Support Device 




■jSS~A" 



Shovdng ti^e inch foil set at keel depth 



III. RESULTS 



The results of the v*3ri us tests conducted on 
the faniiy of hydrofoils and rrocel DTM3~LX3J2 are 
presented in the form of curves. The following 
listing will serve to describe the purpose of each 
curve and ‘ill indicate the sources of data ii it is 
a curve derived fron another curve or curves. These 
results all pertain to the E>odel only, and in order 
are; 



f^tc-rn Hydrofoils 

Figure IX, C_. versus V//L for the scocei 
without and with sands tri.rs at the be- 
ginning of the testing program on 6 March 
1954» Also shox^ai on this plot is a re— 
evaluation of the model *s sanded resistance 
at the 15 and 32 knot ranges. This re- 
evaluation was jsode on 2 April 1954? end 
10 A -rii 1954? serves to indicate the 
increase in total resistance that resulted 
from severe cracking of the bottor paint 
on the model, 

Figure X. C- versus V//L for th<' sanded 
model with bow and stern hydrofoil support 
devices attached at the 15 knot range. 

Also shown is the re-c-valustion of the 
model’s total resistance coefficient 
after subsequent cracking of the bottom, 
paint. 
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r inure XI , i-'erv es Figu « X above, excoot 
tliat this is for the 32 knot r»nge« 



XII a Cy versus V//L at 32 ^not 
range, showing ^intercept curves tor the 
1 inch hydrofoil *t v\ rioxjs positions as 
indie ted on the piot^ 

5« PiQure XIII , C~ versus V//L *t 32 knot 
range, showing intercept curvoi fci tJie 
inch hydrofoil at V'<rious positions 
as indicated on tic ploto 

► 6o Figure XI V o Cj versus V//L «st 32 ‘^not 

range, shewing ^intercept curves for the 
2«0 inch hydrofoil at various posltihns 
as indicated on the piota 



'^o Ficure XV » (at 32 knot ran*.e) versus 
iongitudinal positionof hydrofoil,. This 
is a far 11 y of three curves pertcininp 
to the laO, io5> and 2a0 inch hydrofoils^ 
They shot- tl e effect of varying tJie 
hydrofoil^s longitudinal positio't and 
also show that longitudinal position st 
which the mini' !ua value of Cj. will occur 
for each foil st the particular attack 
angle set„ Points on these curves are 
the values of C^. at the 32 knot xenge as 
found in Figurcl XII, XIII, and XIVo 

Figure XVI ^ Hydrofoil chord length 
versus longitudinal position of hydro- 
foil for f»dniinum Cj at 32 knot r«,rsg©» 

This curve shows the variation of tli« 
optimum iongitudinal position fox* a 
hydrofoil as we change the chord length# 
By extrapolation on this curve, a pre- 
diction is Place as to the optimum 
longitudinal position for the 2»5 end 
3«0 inch hydrofoils at the 32 knot 
range# 



9 a Finure XVII # C- (st j2 knot range) 
vex'sus hydrofoil^ angle of attack, with 
hydrofoils located at their optimum 
longitudinal positions# This also is 
a family of three curves pertaining to 
the i#0, 1#5, 2«0 inch hydrofoils# 

Tliese curves show the effect of varying 
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th hydroLoil*s angle of att#clc;> and 
«lso ahoit the angio of attack. »t 
w^ich the absolute ridniiviU'^ value of C- 
»^li occur for each foil> As in 
riguro XV the points on theve curves 
arc the v?lu< s of ct the 32 knot range 
as found in Figures ^XII, XIII, and XIV* 

It Is to be noted th:t each foil was 
ioc*ited i.t its optir.un longitudinal 
position, hence the values of C~ «t the 
optijaur.! angles of attack represent the 
iov?«»t poisibie values of fij. that can 
be achieved at the p2 knot range for 
the particular foils \x*inp considered^ 

10 e Fioure /TVIIX ., Hydro oil chord length 
versus angle of attack of hydrofoil 
for ninimurn C- at tho 32 knot rongeo 
{ This curve $how‘S the variation of the 
optinum angle of attack for a hydro- 
foil at the 32 knot range as we change 
the chords By extrapolation on this 
curve, a prediction is nude es to the 
optimum angl^ of attack for the 2„5 
and 3v0 inch hydi'ofoiis at the 32 knot 
rang©» 

Fioure XIX <> C™ versus V//L j- t 32 knot 
range for the and 3.0 inch hyd.ro- 
foils located at their optiroxjm positions. 
These optimum positions were determined 
by extrapolation in Figures XVI ^nd XVIII « 
Also (in dashed lines) will b« found ex- 
trapolated curves of Cy versus V/ L for 
the 1.0, Io5, and 2.0 inch foil^j. Thcoe 
curves have one knouti point, the 32 knot 
range lowest possible value of Cj. Ths.lr 
slope and shape is based on th.at* indi- 
cated in Figures XII, XIII and XIV. They 
are shov^n merely for comparison purposes. 

12a Figure XX . Chord length versus absolute 
minimura C-. at the 32 knot rangeo The 
points on* this curve correspond to the 
32 knot range lowest possible values of Cj 
as indicated in Figure XIX. Corresponding 
to each chord length, a short dashed line 
has been drawn in et the voiua of Cj which 
was to be expected due to the increased 
frictional resistance arising fror. the 
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i.ddod wetted surface of the hydrofoil., 
(See Appendix E) . This is the e.ofct 
i*oortc.r.t curve in thir thesis anc »*iil 
be ernsiderwd in ccr-e detail in the 
DlSOjiSI ;,.’ or REaJLTS „ 

13o F igure XXI » C-. versus V//L at the 

Th knot range for i«0 end 5«0 inch 
hydrofoils located at their cptiwiiai 
positions 3s found in the 32 knot 
range tests a This curve is intended 
to show the range of Cj values to be 
expected in the high frictisnal re- 
sistance region* 

14-* Figure xyil * C~ versus V//L at the 
32 knot range for the 1*0 inch 
hydrofoil it its optinun poeiti ru 
This plot s>50v.-s the effect on re- 
sistance th^t results from varying 
the depth of subajergence of the i inch 
hydrofoil* 



3ow Hydrofoils 



Ficu:cg XXXII » Cj. versus V//L at 
32 knot range, showing intercept 
curves for the 2 inch bow hydro foil jf 
at various positions as indicated on 
the plot* 

2« Ficure yxXV ., C.- (at 52 knot range) 
versus ion gi tudina 1 positi..n of the 
2 inch bow hydx'ofoil* Fro?' this 
curve is obtained the optinuai longi- 
tudinal position for miniitjum C.|,» 

Shown on the plot is the -ledicted 
opticjun Icnoitudinel position* See 
Appendix F for details of the basis 
for this prediction* 

3o Figure XXV * C.« (at 32 knot range) 

versus angle o* attack for the 2 inch 
bow hydrofoil located at Its optitsjm 
longitudinal position* This curve 
shows the absolute rainiicum value oi' 
that can be achieved with the 
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k Inch bo>- hydrofoil* A c’ashed line 
ii> also dra\vn in to a how the inc£‘v&*« 
in 0^ thit was to be expected due to 
«:ddec fricti nal re*iat«nce arising irora 
iiO increase in wetted surface^ 



The foregoing represent the graphical preowntatlon 
of the findings reached in this thesis^ In 8ump>aiy, 
the roost significant figuret a-^es 



Figure XX, Lo'^est to he expected for 
®«'.ch stein hydrofoil chord 
lengt’i «t 32 knot rang®,, 

Figure XXI, Magnitude of C* produced by 
stern hydrofoils in 15 kno+ 
rangOu 

Figure XXII, Effect of v.irii^tion of depth 
o£ subnergence of a stern 
hydrofoil* 



Figure XXIV, Accuracy achieved in pre- 
dicting optimum location for 
bow hydrofoil* 

Figure XXV, Lowest C- tj be •xpected with 
a 2 inch*bo«f hydrafv^ilo 
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FIGURE IX 



Ct vs. W/Vl. for the model with a WITHOUT SAND STRIPS 
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FIGURE X . 

VS. V//L FOR THE SANDED MODEL WITH 8 WITHOUT STERN 
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SPEED LENGTH RATIO , V/v/C 
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FIGURE 21 . 



ADDED RESISTANCE CAUSED BY THE HYDROFOIL SUPPORT DEVICES 




SPEED LENGTH RATIO , V//L 
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FIGURE Xn 



32 KT. RANGE INTERCEPT -CURVES FOR 1.0 INCH HYDROFOIL 




SPE ED LE NOTH RATIO , yJJZ 
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HGUKh Xlli . 

32 KT. RANGE INTERCEPT CURVES FOR I.5IN. HYDROFOIL 
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FIGURE 2E 



32 KT. RANGE INTERCEPT CURVES FOR 2.0 IN, HYDROFOIL 




SPEED LENGTH RATIO, l/yU 
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TOTAL RESISTANCE COEFFICIENT , x 10 



FIGURE 33Z 
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FIGURE X2L. 

OPTIMUM POSITION VS. CHORD LENGTH AT 32 KT. RG. 




OPTIMUM POSITION RELATIVE TO A.R 
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HYDROFOIL CHORD LENGTH (INCHES) 



FIGURE SZn 



VARIATION OF WITH CHANGE OF ATTACK ANGLE AT 32KT. RG. 




HYDROFOIL ANGLE OF ATTACK. (DEGREES) 
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OTAL RESISTANCE COEFFICIENT , 



FIGURE wrn 



OPTIMUM ANGLE OF ATTACK VS. CHORD LENGTH AT 32 KT. RG. 




OPTIMUM ANGLE OF ATTACIC (DEGREES) 
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HYDROFOIL CHORD LENGTH (INCHES) 



FIGURE XEK. 



32^T. RG. OPTIMUM VS. V//U CHARACTERISTICS FOR HYDROFOILS 




5PLED LENGTH RATIO, V/7l 
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FIGURE XX. 



CHORD LENGTH VS. MINIMUM AT THE 32 KNOT RANGE ONLY 
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TOTAL RESISTANCE COEFFICIENT 




FIGURE XXI. 



C^VS. V//L AT 15 KT. RANGE FOR 1.0 AND 3.0 INCH HYDROFOILS 




SPEED LENGTH RATIO, V/Zl 
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TOTAL RESISTANCE COEFFIOEN 



FIGURE XXTT 

EFFECT ON RESISTANCE OF VARYING SUBMERGENCE 




SPEED LENGTH RATIO, V//E 
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TOTAL RESISTANCE COEFFICIENT 




FIGURE XZni. 

32 KT. RANGE INTERCEPT CURVES FOR 2.0" BOW HYDROFOIL 
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TOTAL RESISTANCE COEFFICIENT 
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FIGURE 
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VARIATION OF WITH CHANGE OF POSITION OF THE 2.0" BOW 




POSITION RELATIVE TO F.R 
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FIGURE XX31. 

VARIATION OF WITH CHANGE OF ATTACK ANGLE OF THE 2.0" 

BOW HYDROFOIL AT THE 32 KT. RANGE 




HYDROFOIL ANGLE OF ATTACK (DEGREES) 
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TOTAL RESISTANCE COEFFICIENT 




IVo Dircob^iorj OF REtUoTS 



A* Stem H ydro f-3ii Pgault* 



The oresei^station of the RESULTS t*cti'?n iclio-ed 
the chrs-nologicel c’evolopment ®: ti»* th.esis during the 
experiraentsi testing stage^ .‘ccordingly, it 1» believed 
thst a risore pointed tur.d *-ell rounoed analysis will result 
ii this saroe chronological order is followed in this dis- 
cussion , 

The full range tests cf Cj versus V//L as shown in 
Figure IX indicated that this paiticuiar vessel had a 
very well defined hump in its resistance curve that 
appeared to be of most signlfionc® nei.c the 32 knot 
rangso This of course inferred that the bow and stem 
transverse waves were & t in c>*incid&nce necr this 

speed rengeo Reference (>:) stated that the hunos 

in the residual resistance curves occur when the surface 
levels about the stem are reletiveiy low end 

accordingly a photograph was i.ade to verify this state- 
ment. (See Figure XXVl)« 

As will be noted in this photograph the surface 
level aft of the model is considerably disturbed by 
eddies^ but the l»vei is relatively low, and at worst 
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FIGOI^E XOO/I 
Gtem Keve Profile 
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t.-t»r© i- ciily a very 4 . rojllow, 

Tl-k#»e T-. ct» tsnd»c indj.w- 1 © th«. i. f..? xhiv o^rticular 
hull fom the contrii)»jti to v-'vs i'< 4 i. i;-.9 by the after 
body not nearly as sit/nif leant the emtribution 
by the fore body^, {iowev^r^ it rem»ii:ect ?or further 
testin'^ to prove whether or not tlie effects of this 
after body contribution could be redi.'Ceu by the presence 
of a properly po&.i.ti>^ned stei-n hydrofoil « 

Before leaving Figure IX attenti -n P;ust liso be 
focused on the changes in the scnd«d "^•dei^s total 
resistance coefficient th«t occurred beUwen the be- 
ginning of the testing period and the endo It will be 
noted thet a marked increase in resistance took place^ 
and this increase is attributed entirely to severe 
cracking 01 the paint on the bottom o the model © As 
the wood of the model vms subjected to suixicrai n and 
drying there was a resultant expansio i and contr^ctlH.nj 
The bottom paint was an enanel or Isctuer which vm» quite 
brittle in naturec As a consequancsj it ciackedj, and the 
result was that there was a general roughening of the 
bottom surfaces 

The major po 'tion of this cracking took place soon 
after the start of the testing prtjgr-m^ Its oresence 
was notsd^T but tifne prohibited th<» complete reflnithing 
of ths bottom, and the condition was acceptod i*f.th full 
realization of its urscesirabliity . It »iust bo frankly 
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-tated tliat this c ndition urdoubtedlY v>s not a static 
v.n«j etid hence s. e doubt arits% •*» to the reel cor.-» 
dition that existed $t any point in time duii^’.g the 
testing prograia^ It is the author^ s firm opiniofi th»t 
any error Inirodnced by tlUs s-urce is of small «ig~ 
nificanc< and doe* not tend to invalidate any of the 
results oi this thesiSa (Se® Appendix !i) , The con- 
ditirn had reached its vwsrst prior to tests on the 
hydrofoils^ and furthermore^ comparisons are made 
against the final svsluatiors of the tet^i resistance 
coefficient of th** roughened hullo Kencej, due con- 
sideration for this condition h4» been exerciseda 

Turning no^ the cths-r curves^ it mil be noted 
that figures X end XI sr® r.ereiy an evsluati-. n of the 
added resistance that is caused by th# support arms of 
the bow and stei'n hydrofoil support devices « This 
evaluation takes account cT the roughened condition 
of th® jeodei®s bottom *s is Indicated by the curves 
shown on the plotSt, These curves prove that the support 
arms do result in added resistances and it wold bs in- 
correct to not consider this f^’ct whwn anal /ring th© 
effects due to the hydrofoil aionea 

Figures XII^ XIII, end XIV could be combined into 
one single plot^ but th® result w?ouid be ■? mass con- 
fusion of 32 knot range intercept curves* It will be 
observed that th© value of C^. at the 32 knot range for 
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•Ay par’:Lcul*r c-'Aditi n NeJ.riA i% t^e de*ir«d 

i.if on*»ati.»f. to gaif»*d frcx cj?v»** New 



t!.4t each c\.)ive h^s »n identify In j ^•©v'ides 

& key loi estsblishinq whst c..n©^.^^:>ns. -p lied *o: that 
curv®^ (See Appendix D) • 

Figure XV'’, vy^iich shove the effect of iongitudinei 
position on Cj for the laO, i«-5# Anii 2>0 inch fcila^ 
j»u«t not b® considered as being indicative »f the best 
results to be achieved with tlK st«iT* hytiroloilst The 
curves on this ^lot are rerely the result of varying one 
variable while the other two variables e/e h»ld constant 
at values which are not nec«ssarily the aptimun? for them® 
Vfhat is significant is the fact that cl>oTd length very 
definitely does have an effect on the proper positioning 
of a stem hydrofoils A® vail be »een in fiaure XVI^ 
when the chord length is dscreaeedj tTuc hydrofoil should 
be raoved forit-aid with revpect tc, the ^ftsi perpendicular* 
Conversely^ en increase irs chord icsngth lequiras thit the 
foil be spoved further »ft^ Of so* <* j.rter#i.t in Figure 
XV is the hun?p that occuo® in the versus Longitudinal 
Position curve fer the loO Inch foil® This hvxie is be- 
lieved due to th® fact thrt «*i4'ien the 1*0 inch foil is 
located at 0ol5 feet forward of th® Aftir Penpendicular 
it coincides almost exactly with the lowest point in the 
stern wave hollov;. Therefore ttie icssi deoth of sub- 
nergonce for the foil i® not tiie optimix-- 1 inch^ but is 
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i>'*r ethi’^g Ip*? th -n f igur® a/* definitely ',c~ 

tabli€he$ thet » «ubm» »*g&nce dec.th Itsr. thAf' one chorcJ 
will result in er. incre«s.ecl value Cj, h#nce this 
explanstion for tho hunip sceri'c plau«ibi«o 

With the d^'st^ geined ?r-f« figure X*'/I as to opticsuia 
longitudinal position for the 1^0, lo5, and 2,Q inuh 
foils it next followed th*t Figure XVII, versus 
Hydrofoil Angie of Attack, would inG3,cate tw is\port^nt 
pieces of inferrut,- on* Those are the optlnw. *«agio of 
attack for each foil, ^nd also I'tiethcr or not any foil 
when located at its optiraiar longitudinal position and 
optlrauin angle of attack would result in a reduction of 
the Dodel^s Gj. at the 32 knot range. As is quite ro&dily 
seen in Figure XVII neither the IcO, nor 2,0 inch 

ste.m hydrofoil succeeded in reducing tho model at 
tho 32 knot rsngo» It is to be rosnenbored that the foils 
wore at their optimun longitudinal positi.ns, and xere 
«t either one chord length or at, keel depth subaorgence, 
which meant they '.vsre optisr.unly located from a sub- 
mergence standpoint within tne imposed limits th*t w®r* 
discussed in the pr<JC£0.i''E „ Therefore, on tlie ba«is 
of Figure XVII it appeared that stem hydrofoils could 
not effect en improvornent in the wave .asking character- 
istics of t])is particular model « 

Before teminating this diccussi n of Figure >CVII, 
a most interesting poiic must be discussed., Thi« o^int 
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*' f»ct th/ I <-Vct v*', A'.gi# f cf i th.* 

M rec -tern hytix'eloilk t-c b« 

tN« optitojDs, Wliil* *l 

unijs^unl, actually it is ertti.ri > lx b» 

Figure III shoy^ thtt this t^cH»ot^-ste^r* tod^l hts 
6 pronounced aft cut tkvi&y ^ 2 *e» tU#t b^'gint near the 
aft cne third length of the hvjil» /-s conscquance, 
the lines of flow in this aft area t»lii tend to follow 
the upward sweep o; the hull^, Tlierefcjtc^ wfiilc e 
negativ** anglo of attack >ith respect to the wettr 
turf are might exi*t^ locally the enni.. oi attsek 
potitive due to th< direction of flov of th* otream 
iin«6a 

Now it is to be noted in Fiyurs XVII th»t it 
the 2^0 inch stern hydrofoil which resulted in tJie lo’w- 
est at its aptimucx angle of attacks This fact gsve 
an impetus ttj continue the at*m hycrcie.tl xnv».sti- 
gations by an an 'lysis o: the results ■<’»ich w^oid l-a 
caused by the 2-5 and 3*0 inch hydrofoils v4ien th<jy 
W3?.e located ^t th.eir optimm pot-iticns„ In order to 
predict these ootinu'n positions it w*f thex-«fore 
nec<sSiry to develop Figure XVIII which shows tht? 
variations of optir.uen angit of &ttx»ck with hyrirofoii 
chord length*, Before continuing t*hi dlccuision of the 
2o5 and 3^0 inch foii*^ note in Figure XVIII that as 



- V 















^<t^p..J^.<, otMi 



^|Nir 

M I^t^i-*pj#it4l r f it f«iM XlX,<#Uf»il 

'*"• fip»4 t’Ma l»»uiy*g M m[Q § 

.lilid «# »*», 4t» 

^U3 c5 £<ir *4tA M r«l^<» Or 

4 ^*orpMg|7^ «*il X* 4t«m^ 

1^?>^ tir o “>^ ,4#^ <ttc« It 9HiiiMl.» 

• iM f ^ •#«A4a 

^rt/« ^ igi «al^^t. ijta ^ u4^ I«xt4^ 

4m U\> nufil ^ m ^ 

^•»» AJ^iti%'a (p«#A >ia«l piv 
aX*T |;t mlj^ mm U\f^ Ui #t ^ /•#► 

-Ai*‘<r4X JL^A>^f4 M 04 

A Wtl *« ^^ilJtrs, jp v«l tAi4J ^ 

^4 w»7^ |U4t>r'-"r4 4fc^ iMtf c4 

%4 '.14*041 1^ mHU^ ztm^i ti^ 

**Ci;iWYt .s 4m ^4 |o^«rH& %p4M tUlikI* 

■5 ^ 

••«.«# i«rr*4 ^t1>0k 4 ViM^ m r^*sMmigi 

U*lrT)^/ ^ if Atkftp t%r,hi'(>B ^ 4i«^>jH 4i4|W 

• Ml 1 1 fvtA*«^c Jl Mif Q*i!4«u2r<H<S ,'>t« Mi^ ^^or<f X ^*BIV 
l<> 4A«V9( ^ ^«Jj.^ 4^.W i^k. ^4 >»I 



cho'd length incr*&se& Ihw r*?tir£*.ur! #ngl» of att.ck 
changes from negative to oositive^ This vould indicate 
that the larger foils aie influenced by * type of 
streOKline Ai'.ose path diverges »ec*y fror the upward 
sweep of the hull end then tends to beco***! more nearly 
parallel to t’-.s undisturbed «ter surface. It is to 
be recalled that Figure XVI indicated that tne large 
foils should b® further aft of the A.?,, and back in 
this area the foil will ride in the w*ke of the nodela 
Figure XXVI slxjwed this arse to be rult® distux'bed by 
eddiesj however, it is relatively level uhich »/ould in- 
dicate that an iraaginery laninsr str»am line in this 
turbulent area would rest certainly not be directed 
upv/ard as is the case beneath the transon* of the model. 
Hence th© indication th t largo chord length foils 
should be set at positive attack anglas is quite 
reasonable, 

Betuming now to the 2,5 end 3,0 inch sterfi foils, 
their optirni^ positions wsr© deteir.ined by extrapolation 
on Figures XVI and XVIII, and Figure XIX shoi^s th® Cj 
versus V//L characteristics caused b/ foils, Alto 

shown for comparison purposes are th© sarap characteristics 
for the other foils wlicn located at their optimiss position 
It is readily apparent th^t the ^^5 anc 3,0 inch foils 
failed to meet expectations and that the 2,0 inch fell 
wes in reality t.»e foil of optimum chord length. 
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In Tigure XX w^.11 oe ^ ovnd * plot of st«m hydro- 
foil chord length versu* Cy . Thi^ c*j‘ve more cl' arly 
efctabli&hcs the f-ct th*t th» CoO ins..h chord stern 
hydrofoil car.ie closest t . achievinc • reduction in the 
Cj. of the model the 32 knot rangeo Furthennoro^ the 
curve also sho-s th t tlie 2,0 inch foil vros the only 
foil to ach.icve » reductl- n in wave raaklni resist^nc®. 

The short dashed lines et each chord length indicate 
the value of Cj. that was to be ej<pect«d if the nodel^s 
wetted surface h#d be«n increased by a*rownt egual 
to that of each foii^ and if ths resistance caused by 
the stem hydrofoil sijpoort arms .vas eJso added to thxs« 

(For edditional details^ see Ap->endix F») 

The announced intentions ot this thesi* were to 
evaluate the effect* of stern hydrofoils at both the 
32 knot range and the 15 knot range ^ Following tli» 
unsuccessful attempts to reduc® in the 32 knot iang«j 
it wes doubtful whether cny improvement could bo acivieved 
in the 15 knot range^ Figure XX has clearly indicated 
that the increases in frictional end fon-. drag resistance 
as a result of the stem foils wa* in all esses greater 
than the redjetien in wave making resistance^ Theiefax'Sg 
since the 15 knot range was chsract rir*« by high frictional 
and low wave making resistance it seemed almost certain 
that no is'.provenent was possible in the 15 knot rangcj, 
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by ui® of stem hydrofoils. In order tt p ov. the 
'•oLntg datfc m>s tct*n t-» piovic.e the of 

Figure XXI» Only the laO »nd 3»J inch hydrotc*i.ls w«j« 
censtderod, since they serve to tndic# i» the upper 

end lower limits of resistence tJsat t^ould remit frem s 
complete tottof all five foils in the fe*4ilya These 
foils were sat at their optimum positions as found in 
the 32 knot range analysis, and js can be seen in 
Figure XXI no reduction in Cj- at the 15 knot range was 
indicated es being possibl®-. 

One final poi .t of discussion with regard to stern 
hydrofoils is centered upon the effects cf aul^mer^enc© 
depth on the perfomance of o foiio As was mentioned 
in tl»e PPQCEDFtE only the 1„0 inch foil wes of snail 
enough chord dimension to pex-mit variation of the de-th 
of sul'Mnergence.. Figure XXII slwvs the results that 
achieved wJion this foil was tested at greeter and less 
than one chord length depths as compared with the results 
achieved when set excctly at one chord length depth* As 
the curves clearly chiow a submergence greeter then one 
chord length is more harmful thesn a subricrgence less 
than one chord Xengthf additionally, one chord length 
appears to be the optimuaj depth of sul^ncrgence for a 
hydrofoil to be employed a* a wave making reduction 
device* 
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Pc> Hvc’i'ofoll Ref>ults 



As the finiii phase of t)ii» thesis* a iin ited in- 
vc$tio»tion of results t b< achieved with bow hy^^ro™ 
foils was made io ord*r to establish if »'ave making 
resistance caused by the fore body was susceptible to 
reductionu Inasmuch as the 2^0 inch foil had given 
the best comparative results in the stem hydrofoil 
investigation. It was decided to u*e this foil in tfi® 
bow hydrofoil investigation j 

Figure XXIII shows the intercept curves that were 
used to establish the veluss of Cj it th-5 32 knot range 
for various positions of the bow hydrofoilo A predicted 
optimum longitudinal position of the hyc^rofoil was first 
computedo (See Apoendix Go) Thereafter various longi- 
tudin*i positions o the hydrofoil were examined and 
curve XXIV v«s developed to show the effect of variation 
of the longitudinal position upK>n C^o It is interesting 
to note that the predicted best position was within 0o45 
inches of the experimantaily determined b*?.t position® 

Of particular significance is the sharp rise in Gj that 
occurred wiion the hydrofoil was positioned exactly at 
the Forward Perpendicular® Reference (9) had established 
the fact that a hydrofoil moving throtjgh water at s sub- 
mergence depth lest than one chord length would pixjduce 
a surface disturbance icimedieteiy above the ieil® 
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No« fcnife very •h*»*o iiae in ettrifeutao tv the 

fact when the KjO inch 'oil w«s oslti ned ex-^tly 

at t' e Forwaz'd Pcrpandicuiar It >*as -* t a r>\»l»#r 9 #f»ce of 
io761 inches y/hich was les5 th<i.n ona chord iengtho More- 
over, at this ©articular position it '*«• inir.cdiately be- 
neath the bulbous b'ovv cf the model o Accordingly, the 
effect of the hydrofoil ..ns to cancel sor.e of the bvrie- 
ficial effect achieved by th® wstve reducing properties 
of the bulbous bow. This cancellation we* thus reflected 
in en increase in the value of Cj at t{\e 32 knot range. 

The angle of ettack testi for the 2,0 inch bo** 
hydrofoil, loci ted at its optin^tjo longitudinal position, 
established the very unexpected fact thzt the best angle 
o! attack was negative: and not positive, (See Figure XXV,) 
This is described as being unexpected because the optinuea 
longitudinal position was found to be foi>ard of the 
Forvt-ard Pependicular v-here th® iin^s oi flow aie not 
affected in any way by the hull as occurs under the after 
body. It is clear that the 2,0 inch bow hydrofoil failed 
to imoz'ov® the w.ave nsaking chai'ccteristics of the eodelf> 
and so the negative angle of attack can only be explained 
by the fact th*t it undoubtedly caused the least tom drag, 
Afi will b© seen in Figure XXV thio opt.imjm angle was only 
(-)0o65 degrees y^iich is quit© small, fefercnco (11) 
Indicates th«t tl-ie N,A.C«Ao foil nuabtr 63-^-618 will 
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produce the af»^unt oc iovr. dr*g tt « r«^g#tiv» 

attack sngl* of one degree| h*nc#j ctin.ln'.lZ'S ti*r> of fo 2 t»i 
drag required th t the hycirDfoil be set ft < negotiv* 
angle ol attack* 

^tn.71 Point or Dtscussion 

To conclude this discutsi’n attention i& once nor® 
dravm to Figures XX end XXV* As was previfuiiy mentioned^ 
t!ie 2*0 inch stern hydrofoil uas t!\e only hydrofoil that 
achieved a wave rocking r®duction<> For *11 other foils, 
the fact th"t the tsasured values of exceeded the 

A 

roaxiroiflSi expected increase in Cj at the 3* knot range re- 
quires »n explanation* (See Figure XX*) 

The only logicel explanation seens to b© that the 
bow and stem hydrofoils produced a form crag and a 
surface wave disturbance which caused the increments of 
added resistance * Hicse increments of added I'esistance 
duo to form drag and suz'fece wave disturbance were about 
the sere for the 1*0 and 1*5 inch stern foils* However, 
for the 2 j 5 and 3*0 inch stem foils thsae increments 
tended to increase as chord length increased* The con- 
stancy ox the increments for the smeller stern foils is 
explained by th» fact th t the 1*5 inch foil had greater 

wsve reducing tendencies than the 1<,0 inch foil| howevei*. 
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tut. 1^,5 inch foil also h d gr»fttor fon. clri^ ,.r*»ciacing 
tendenclss w!vich rppar^ntly th* #«vt ;<yluci»’v 

tS‘ndenci««o The r*sult wt* th? t the l^r inch folios 
incremtnt reoiained the &&nr ^ How in th« c»».e of the 
2*5 and 3*0 inch foils, they were tarried nuch too close 
to the water sui'face, which meant ever~increcsing surface- 
vrave-disturbance tendencies* Additionally, as these foils 

f 

increased in chord length they also increased in thick- 
ness, and consecuently there v»as a progressive increase 
in form drag# Th® cbove, therefore, is proposed as 
ono explanation for the failures of stern hydrofoils to 
isiprovo C- at the 32 knot range on tJ'.is particular model. 
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The r'OAt signi'icent conciuslm to be drawn from 
this, invcstig- tion is th'*t before applying sterri hydro- 
toils to hull form a careful evaluation of th'.t form 
must take place* In general, if the hull form is ■'/ery 
fine-lined, and it the stern wave disturbance is vry 
small coraparod to th*- 1 of the bow, it is doubtful v^ether 

stem hydrofoils can achieve e reduction in wave making 

f 7^ 

resistance.. In the foodel on w^ich Mr* Kczlowshi' ' 
applied a stern hydrofoil, the longitudinal coefficient 
was 0*639» For the model employed in this inv-istigation, 
the longitudinal coefficient was 0*572* Hence it is 
clear that stern hydrofoils are not suitsfole for appli- 
cation to extremely fine hull fex-ms* 

With regard to th© u»e of bow hydrofoils on this 
particular hull form, it eppears on the basis ot a very 
limited investigation tliot possibly no benefit will re- 
sult from such use* But this foregoing conclusion is 
subject to excention, for only one rectangular hydroioii 
shaoe was investigated* Mr« Beal and Zakey^^^ hive 
previously found that th© swept back hydrofoil showed 
more promise than rectangular shaped hydrofoils* Further- 
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I'.ore, the ''rocoGs if a bulbous ^no a hydrofoil 

acting together, ol through not actually as cn< unit^ 
suggests the desirability o*: ‘urth^r investigationo 

Th® conclusions V foe dv&'fr’i «s r*OaXds choxd 
length, longitudinal position, angle of ittack, and 
cepth of suUpergence of stem hydrofoils can only b# 
considered as being fully applicable t<r the hull f«rm 
undor considers tiono bince no benefit Taes achieved 
by use of stern hydrofoils, th® various t^sts carried 
out merely served to indicate what was the oroper value 
of the variables so as to attt^in the io-'-st celeterious 
influence frora the foil© Ho\weve~, witli Uiis reality in 
mind, it wa* found that a foil having a (LB?) /(Chord 
Length) ratio of 25o99 *^33 best© It is to be recalled 
that Mr© Korlowski successfully e>^pioyed a hydrofoil 
’^ose value for th?t ratio vvas 24«00© 

^ith respect to longitudinal position of the stern 
hydrofoil, it was found that the proper position for 
the hydrofoil of optimisxi chord length (2 inches in this 
case) was et a position iv0il5(LBP) aft o! the ioiwcrd 
Perpendicular© 

As reg&rds angle of attack for tne optlmiBu foil, 
the correct angle is best described by the ratio, 

(Keel cut away angle) /(hydr.'^ foil angl# o! attack)© 

This ratio is used because in the arei livr.ediately be- 
neath a transo.>. stem, the lines of flow for the water 
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pc-* sing rlon, the hull will .hollow tu» g*n«’'<!l up'»ard 
4v>«ep o' the underbodyo H^nccy ti»e bf- st enoi* o. ettcck 
for a ntern hydrofoil «fill a functin'. tbi* upcvi^eep 
of the hull and tho flow lip.a-% loilo^in* ihi» changa in 
fornifl The local directico of flo* thus •stAbiioh»a the 
proper angle of attack- even though it may t*t negative 
with respect to the horitontaio For the rodel of this 
investipi tlcn, t)ic ratio has oeen feund to *-•« (-~)15o 
The rinus sign, of course, indicates i the wngle of 
attack »^s negative 'or th« reasons given abov©o 

Concerning thr. ootimuci de-.'th submsrg'nco, it 
eppe?* rs that on© chord length is th' optiPi^ depth* 
fek>re harrtful effects will result from p3.ocing the foil 
too deep than will result from locating it at less thsn 
one chord length in depth* 
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As was «vidonc*d by t<he d«tta obtsintd lor th« 

2 inch stem hydr:-»foii, and also as e result of 
Mr» K3zloKski*s it has definitely been es~ 

tabiisheci thrt stern hydrofoils will reduce stern 
wave making reoistanc«o The degree 0 £ reduction appears 
to be a function of the hail forra of the vessel being 
consldcredo 

In order to verify this last statera^t, it is 
suggested that the lines for a full bodied ship having 
the sa*»?e displ cement and wetted surface as the proto~ 
type in tliis investigation be developed » This of course 
will be a sl'torter, bCL-ioier^ and possibly deeper hull forcu 
After the mod^l for thio new fort.i nas been built, 
it is recommended th*t a hydrofoil from the faoiiy tested 
in this thesis then ba attached to tho stern of this nev^ 
models. It is further recommended thot the size of the 
model should be considerec very carefully before develop- 
meat of the lines in oarder to closely approximate the 
(LBP) /(Chord Length) retio of 24 to 26« 

As a first trial, the ©elected hydrofoil might be 
positioned on the basis ot the experisientci results 
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given in the GO?}CUI- >m_ section ot 

At. A I'ind xor<J uf i.vvlcf'y it i. cecofrv^andec^ thet 

ext e.*e ca: e be exercised In t;^e d«; of e tov ing 

brac-:et as. well for : ;»upport d*vice ici th« hv’«^r«'- 
foilc Any npdel t?w#d at high sp^ed In 'S** IkM.T. 
lowing Ti.nk. is* to yawing if th« towing 

brswket is even slightly p'ufe.vli'gii^d. 

Vurtho.y ix th« hydrofoil is n«t comic tely level 
in the transveivse direction^ it •ill act iiki an Aiiolane 
wing which has a dihedral angle in one /^ing but none in 
the cthni. The result is th.st the mods'! 1- cauced to 
heel becfuce the com.on^nts of lift are no■^ syrs^ietrical 
and tefid to produce an unbalanced heeling rronasit. 

In Gonciucion., it is r-connsondod that extr»oe 
be exercised to koe? the inside of the n‘odel dry while 
testing. Alsoy brittle lacquer or enanei tyo© paints 

should be avoided* 






r# X4< 



n 



I 









• a 



a 






••■WiiP MM 'Mi tijaif 
W %l «v4mt «/ aa^j^ M* M7 MMi 

Qmt «c oU«bm u ^ 

A 11^*4 |Mff>nlfc •n—«—n %itf «|, 

aMm W« vkir i3!iSA*li^ Ilk • M« i*J« «!• 
"* *■■■»■ >» MW^ «l# ■ui al Mtt 





BIBLIOa A ir-i' 



la L%n.i Troost, Lo, ”Frictiona3 Lrag v“)f 

ip Foitfts". ?*per p/ei,«nted at 
rebrij'ry 29. 1952 meeting of the 
Moj-thfeiTi California Soctirn of the 
SoN,/..M*E, , see ; Bulletin^ 

Voi« VIII, Hoa 2, o' June 1953^ 

Po iS~22a 

2, Davidson, KaS.M., "Rpsist&nce and Po'veTing", 

t>n .^Oo jlI, P<!iji*t I, oootw ^ p a ji a ^ ^ 

p» 67 of Vola II, Principle s o f 
NiV»L Arciijtectuxe> edited by 
Hostel 1 and Chanr-an* 



3., Buernann, Leehy, P», Stiivveli, J,J., 

*r;n Aopraisial o. Hydrvfoxi Suppoxiied 
Craft,*’ Paper oro^enttd to 9,N.A»h.E, 
at AiP.nuai heetinq, fiew Yoxk, NoVai^ibei 
12 - 13 , 1953 c 

4, Keldysch, Lavrentiev, MoA«, ®On the Motion 

ox in Ayrofoil under the Suxi-'wCe of A 
Heavy Fluid, i<,e,, a Liquidc” Paper 
prci-entcd to ^c^scovvJ, 19j5^ 

English ti'snsir.tion by Science Trans- 
lation Sorvicc, Car.brrd<.jfe, has*., 
^.T.S,-75, Hevember, IW, 

5p Abkowitz, Pauliing, J.R,, Jr«, ”Th« Ship 

kocci Tovifincj Tank er ' „lcT»** Pnper 
presented at the Soring -Meeting of the 
S J4.A»lv*uE<,, ucoton, ».e> 7*-8, 1953o 



6o Pauiiing, J.,Lo, Jto, *>A Device lor Reducing '-ave 

ilesist?nce of a Ship«*' Bachelor As Thesis, 
1952 « 



7, Ko' 2 io''* 8 ki, He, ’’Hycrod>Ti5iaic Control cf Tti‘.* and 

WavensLlng v-t High Speeds,*' Thesis, 

?4avai Architecture and l.<'rin€ Engineering, 
M.I.Tc, 1952 , 



- 70 ' 



So Deal, AoLo, Zskay, ”Th# Effect o-" a l-\ ept- 

Beck Hyor foil U^-on the Pi*tii»taisCfe 
Coefficient oi e Shipo’* Bechelor's 
Thesis, Navel Arctii tec tore ano Marine 
En^inrevinq, . 1953o 

9o Jone», C,Eo, Brooke, ’•/n Analysis of 

curfac® Wr-v*''s Generated by e bubPierged 
Hydrofoil Q ” Nsv« f, Tlr«sifcj, Mavel 
Architecture and AUiin* Engineering, 
MoI.T., l<553o 

lOo Eairstoy, L«, Applied Aerodyrw^^, pc 357, 

eecond editi'n, Lon* 9 i-’‘'^ns, Green and 
Como any, New York, 1939 « 

lift National Advisory Corr-itte® on A-roncutics Penort 

No ft 824 of 1945. 

12ft Davi«l W, Taylor Model Basin Repext T'^o, 576 of 

Decenber 1947^ 



•' 71 “ 



I 












V* 



i 




/>p^c^e^Ix A 



Characteristics of Model DTM.B-CD 33*- (A^W-Tren^o.. - tern) 



Item 


Mode 1 


thlr> 


Length between perpendiculers 


4o333 fto 


520 fto 


Beera 


0„446 fto 


53o5 ft. 


Draft 


0.147 fto 


17,6 fto 


Displacement 


7o65 IL. foto 


6540 tons S.W 


Wetted Surface 


2o028 sr-ofto 


29200 $c,oft. 


Designed Speed 


2od20 knots 


32,0 knots 


Designed Speed Length Ratio =« 


la 402 




Longitudinal Coefficient =» 


0.572 





* — a 46^51 

Scale Ratio == 120 



72 - 



^ t<C«i 



.11 7U>»' 

t«Mi .rt.^ 

Mrai Ain <M«a 




• f aM 



A?PU:,TIX A ConSd 



Charact*ristics of 17 (Ccatroyer) used by 

Kosiowfcki 



It»n 


Modtl 


Ship . 


Length between pei'pendiculsrs 


5o5 fto 


369 ft. 


Beara 


0,604 ft. 


40 o 5 ft. 


Draft 


0,216 ft. 


13,4 ft. 


Dispiaceraant 


#;-l«09 IbuF.W, 


2844 Ton 


Wetted Surface 


(a) Naked Model 


3 •> 52<£^ sgofto 


15-i860 »q. 


(b) Model with Hydrofoil 


3o680 SQoft« 


16p564 sq» 


Desi^ied Speed 


4,26 knots 


35 knots 



Designed Speed Length Ratio =* i«82 
Longitudinr.i Coefficient =* 0o639 
^ 56 o3 

Scale Ratio - 67,091 
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APPE’.nX B 



List of N.A,(„/. /Ir Foil Shooet-. ^uitaol*- for 
in Hydrofoil Rese«rch 

The followirg shape'’- hove chaxocteristics 

cloGoly approxinating those of foil nunber 

63^-618o The pajo nurriber followi-'g each foil is the 
locati' n of data for the foil In f4„/*C,A. Repo.t S 24 
of 1945. 



1. 


N * A # C 1 , A c* 


4iil2 


p 0 


n 

IF 


f 9 


632«^i5 


167 


3. 


IS 


63,~4«i 


176 




If 


643-4IS 


194 


5 o 




64 j -61 8 


195 


6o 


r. 


64^—4^! 


196 


7 o 


n 


653—618 


225 
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AP^EUD£X C 



Details of Foil No. 63y-618 



(a) Explanation o! design<tion«, 

(b) Bssic offset constant* for 

foil shape. 

(c) Location of fcii cupport 

pointSa 

(d) Use of sondstrips on foils. 
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Ap-^grjpix c 

Details O'" N.A.C.Ao Foil N'Jo 



A, 



Explanation of Dosignation 



633~61S 



Ti»e nun^»^£S ©re tre^t^'d in tl>© order In «^ich they 
appear from left to righto 



6s This is the sex'ies designstion* 

3s This denotes the chordvsise position 
of minimum pressure in tenths of 
the chord behind the leading edge 
for the basic synsnetriCc-l section, 
at zero .lifts 

Subscript 3 j A f4,A.C,A« identifying 
number which indicotes the lew 
drag rang* to distinguish the foil 
from earlier airfoils# 

5? This is the design lift coefiicient 
in tenths# 

18s These two digits indlcste the airfoil 
tliickness in per cent of the chord# 



Bo Basic Offset Constants Used in Arrlvl'iQ 
at th.M Shape of the Fol , l 



First, It is necessary to define two terms* 



.Mean Lines This is a line which lies midwey between 
the upper end lower surface of the foilo 
It docs not coincide with the cfiord line 
unless the f oil is s syaa^etricai shapes 
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9*sic Thickncs* Foing This is a uitd to d<oCiiba 

the thickness ; t\« foil at 
points along the line, Tne 

longitudinal or x coorcinate 
establish*"* tlie oo&itlv^n o» e 
point on th% line^, Th» y 

crordinate designates the «Y*^etricai 
thickness about tha ?»«on line ilcng 
a lino perpendicular to the nsin 
line,. This line passes through the 
given x coordinate intercept on the 
mecin line* 



Mean line 




Basic Thickness 


Forte Data 


X 


. y: . 


X 




0 


0 


0 


0 


1*25 


0*4S9 


i*25 


2*217 


2.5 


0*956 


2o5 


3*104 


5.0 


1*833 


5 


4*362 


7*5 


2*625 


7*5 


5.306 


10 


3*333 


10 


6*063 


15 


4*50 


15 


7*225 


20 


5*333 


20 


8.048 


25 


5*833 


25 


8.600 


30 


6*000 


30 


8*913 


40 


5*878 


40 


8*845 


50 


5*510 


50 


7.942 


60 


4*698 


60 


6*455 


70 


4*041 


70 


4* 622 


60 


2*939 


60 


2*691 


90 


1*592 


90 


0*985 


100 


0 


100 


0 



The above x and y coordinates ar'' expressed as per- 
centages of the cluordo 
Additicnallys 

Leading Edge Radius * of chord 

Slope of Radius Through Loading Edge ^ of chord* 
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rhfc yhs. •« q £ u 63-'“6I8 j oil my p*. in 

Figuio V, In the for*groun<> this figui* •■111 nt 
seen an unfinished ioO inch chord fcil to jt is received 
after cutting in the Sloan Laboratory mchino Shop® 

Co Locstlon of Support Points ;or iivc'rofolls 

For -li foils tlie sup^'Oi t ooint \ at located on the 
mean lino at 25^ of the chord aft of the leading edge® 

This position roughly epproxinates the general longitudinal 
location of the center of lift a& the angi® of attack io 
varied® All longitudinal positions of the foil I'efer to 
the location of this support point® 

U-e of Sands trips on Hydrofoils 

The question arose as to the need for sandstJ.ipf. 
on the hydrofoils in order to insure turbulent flow con- 
ditions around the foil® For tests in the knot renge^ 

the local Reynolds number for the i. inch foil was 7®75 x 
10^0 At this particular range of Reyr^oids nunber tho 
frictional resistance coefficient fox' laminar flow Is 
greater than that for turbulent flow® Accordingly^ by 
not using sandstrips and allowing laminar flow on the 
submerged hydrofoil^ tho possible beneficial resislts 
produced by the hyd3rofoii are penslixed® The result is 
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a cerceiitaos .itjiojot of r#t‘£t rt'** c»U‘«*.d l-/ 

friction tb*n l-o tJiie c.»s« f:>: full »l2«d tur - 

bulent conditions., Aocordi.ioly? 1'^ the hydjj^oils 
did pi'od'uce beneficial results in the -lodel tests^ 
one vsould know the t even better r ©cults s^ie i^ossible 
in tiie full size shio whe-^e corsdition! were turbulent 
and a smaller frictional coefficient existedo 
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Dates i-t r#»bruary 195.4 

Ta . ;c-ratri« of ^natoi'S 66'*'/ (fhe v.-atflji- in vlie ''oI.T* 

To#iri<: T»nk i +’ *--ai!l-_v»ater) 

Purpose o! Testi Eveluatl f o* CjVorsus vVl tor unssnded, 

nokc,d hullo 

Location of Plots Figure IX^ Cu v*' 





Applied 




Total 


X 10^ 

1 




Run 


I'orce 


rpeed 


Fles.lctanca 


at 




!*l0 0 


_ _ ribs.') 


(knots) 







v//l 


i 


OoOlO 


0,615 


0,006 


2,728 


0,296 


2 


0o020 


0,770 


0,016 


4. 671 


0.370 


3 


9o030 


0,946 


0,026 


7.035 


0,45: 


4 


O0O4O 


1.117 


0,035 


5 , 


0,537 


5 


O0O5O 


1,270 


o„045 


4.942 


0 0 610 


6 


O0O6O 


1,407 


0,055 




0,676 


7 


Co 070 


1,536 


0,065 


4.859 


0,738 


8 


0.080 


1,651 


0,075 


4.JU7 


0o793 


9 


3,090 


1,760 


0,084 




0,846 


10 


oaoo 


1,870 


0,094 


U.tTi 


0,899 


11 


'0,110 


1,962 


0 0 104 


4.793 


0,943 


12 


0,120 


2,057 


0,114 


.U7‘76 


C,939 


13 


O0I3O 




0 ,124 


4,792 


1,029 


14 


0,140 


2,227 


0,134 


4,782 


1,070 


15 


0al50 


2,292 


0 , 144 


4 o 849 


1,101 


16 


0.160 


2,365 


0,154 


4, 868 


1,136 


17 


0,170 


2,425 


0,164 


4,932 


1.165 


IS 


0.180 


2.473 


0,174 


5,029 


1,183 


19 


0,190 


2 , 5 i **3 


0,184 ' 


5,106 


1,212 


20 


0.200 


2,568 


0,194 


5,200 


1,234 


21 


0,210 


2,607 


0,204 


5,304 


1,253 


22 


0,220 


2,645 


0,214 


,;,407 


1,271 


23 


0,230 


2,682 


0,223 


5,504 


1.289 


24 


0«280 


2.835 


0,273 


6.032 


1,362 


25 


0,320 


2,970 


0,313 


6,296 


1,427 
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Cstes K.0 Fobruary 1954 

TeTiperatvr* of 66>5®F _ 

Purpose O' TsstJ GDrtpiet.i. n of th* C-... varc'os V//L t»ict 

for unisncJedj n«ked'^hvil* 

Locati.in oJ Plots FiQure IX, Curve 1^, 



Tun 




Applied 

Force 

(Ibr,,) 


Opeed 

(knot®) 


Totri 

Re-l*tcitce 

(lbs.) 


Cr^x 10^ 
at 

70* F, 


v/yt , 


1 


0o095 


ioSlS 


0,000 


4o795 


0,874 


2 


0.100 


1.371 


0.094 


4,776 


0,899 


3 


0.105 


1,915 


0,099 


4,800 


0,920 


4 


0,145 


2,274 


0.139 


4.757 


1,093 


5 


0,150 


2,320 


0, 144 


4,73s 


1.115 


6 


0,155 


2,350 


0,149 


4.775 


1.129 


7 


0,240 


2,710 


0,233 


:>,640 


1.302 


8 


0,250 


2,742 


0,243 


5,745 


1,318 


9 


0,260 


2,770 


0,233 


5,859 


1,331 


10 


0,270 


2,794 


0,263 


5,' 90 


1,343 


11 


0,290 


2,858 , 


0,283 


6,160 


1,373 


i2 


0,300 


2,901 


0,293 


6,189 


1^394 


13 


0,310 


2,920 


0,303 


6,317 


1,403 


U 


0,320 


2,971 


0,313 


6,297 


1,428 


15 


0,330 


2,993 


0,323 


6,400 


1 ,438 


16 


0,340 


3,033 


0>333 


6,424 


1,45a 


17 


0,350 


3,066 


0,343 


6,575 


1.473 
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TEST 3 



Late; kl F#bru»ry 1954 
Temperature o» Waters 68a8®Fp 

Puroose or Tests Evaluaticn of *c'c*d resiitancv resoitiny 

froM stern hyd'^ofoil &up.o-t device 
loc&ted At *tftcr Perpendicular. Model 
ecuippeo vsith s»ndstiio& on bcw® 

Location ot Plots: fiuns l-'6. Figure X, curve 

j\uns 7~lo, Figure XI ^ curve 3 3 



Run 
tie.* „ _ 


Appli»d 

Force 

__ (ib.Sftl 


Speed 

. „ XknAtsl . 


Total 

Resistance 
(lb. ,) 


X 10^ 

4t 


V//L 


1 


0,040 


1,044 


0,035 


5,784 


0,502 


2 


0c050 


1,190 


0,0*5 


5,684 


0,572 


3 


0,055 


1,260 


0v050 


5,620 


0,606 


4 


0,060 


1,325 


0,055 


5,5SB 


0,637 


5 


0,065 


1,386 


0,060 


5,562 


0,666 


6 


0,070 


loUA 


0,065 


:,5i3 


0, 696 


7 


0,270 


2o747 


0.263 


6,220 


1,320 


8 


0,290 


2c810 


0,283 


6,397 


1,350 


9 


0,300 


2,838 


0,293 


6,490 


1,364 


10 


0o3i0 


2,869 


0,303 


6,567 


1,379 


11 


0,320 


2,897 


0,313 


6,652 


1 0 392 


12 


0,330 


2,926 


0,323 


6,725 


1,406 


13 


0,340 


2,957 


0,333 


6,788 


l<.42i 


14 


0,350 


2,993 


0,343 


6,P23 


1,438 


15 


0,360 


3,028 


0,353 


6,861 


1,455 


16 


0,370 


3,046 


0,363 


60 973 


1 ,464 
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TLST r.'Oo I 

rates 6 »rch 1854 
Tenperfcture of . er? 67®F 

Purpo.-e o' Te*t« Ev«luati;-r, or added resi.fit4»ncw due to 

attaching sandstrt.'s to a*i ec h>;31o 
Location of Plot* Figure IX, 4<» 



Run 

No - 


Applied 

Force 

(ib$o) 


opeed 

(Lnpts), 


Total 

Resiatenca 

- llM j 


10^ 

at 
70^ r. 


V//L 


i 


0o370 


3.105 


0.363 


6.608 


i.492 


2 


0c360 


3.065 


0.353 


6.676 


i.3,73 


3 


0.350 


3.037 


0.54,3 


6,52c 


1.469 


4 


0o340 


3.01s 


0.333 


6o.?93 


1.450 


5 


0,330 


2.995 


0.323 


6.396 


U439 


6 


0.320 


2.938 


0.313 


6.44? 


1.412 


7 


0,310 


2.908 


0.303 


6.373 


1.397 


8 


0,300 


2.SS0 


0.293 


6,286 


1.384 


9 


0o290 


2.847 


0.283 


6.213 


1.366 


10 


0 .280 


2.815 


0.273 


6.130 


1.353 


11 


0.270 


2.782 


0.263 


6.045 


1.337 


12 


Od 260. 


2 0 73^8 


0.253 


5.960 


1,320 


13 


0,250 


A*- 0 ( 14 


0.243 


3.869 


1.304 


14 


0,230 


*: 0 646 


0.224 


5.668 


1.272 


15 


0.340 


2.999 


0.333 


6.576 


1,441 


16 


0,210 


569 


0.204 


5.476 


1.234 


17 


0.190 


2o3i,82 


0.184 


5.294 


1.193 


18 


0.170 


2.3T7 


0.164 


5 9 146 


1.142 


19 


0.150 


2,240 


Oe 144 


5.093 


1,076 


20 


0.130 


2.081 


0.124 


5,085 


1.000 


21 


O.ilO 


1.910 


0.104 


5.074 


0.918 


22 


0.090 


1.708 


0.085 


5.143 


0,821 


23 


0.070 


1.488 


0.065 


5.201 


0.715 


24 


0.050 


1.225 


0,045 


S.33S 


0.589 


25 


0.040 


1.075 


0.035 


5.430 


0.517 


26 


0.030 


0.910 


0o0«c6 


5.480 


0.43? 


27 


0.020 


0.719 


0.016 


5.415 


0.346 


28 


0.010 


0.459 


0.006 


5.113 


0.221 
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TICT Do S 



Cates ZO Viiiich 1954 
Temper* tur© c-f Waters 6i<,5'’l'. 

Purpose o! Teats Ceteminc tlon ■ o»*ttriun longitudir»*l 

po&iti 1 for the k ioch stem hydrofoil^ 
»ith * +7®, Tid h = heel cepth, <*or 
oil runs,, ,:-snd«tri*c on bow„ ouppoi't 
device at stern a 
Details and Location of Each Plots 

Runs 1-5, ior l==0.06j fto F.j^.Po, curve 5 
Huns 6-10, Tor 1«0»033 fto A. A.?,, cu“ve 6 
Runs 11-15, C-'-r i*‘*0„16j ft* F,A.P., curve 7 
Runs 16~ii0, for i 0^138 ft« A,A.P«, curv« 8 
Rsch of the Above Curves will Le ibund in Figure XIV® 





Apr'lied 




Total 


C^x 10^ 




Run 


Tore# 


Speed 


Rcsist*,nce 


At 




No 9 


llhiA _ 




. „ _Clbs J. _ 


70* Fp 


v/y 1 


1 

Jv 


0o370 


2*855 


0*363 


7*869 


1*372 


2 




2*911 


0*383 


7*983 


1*399 


3 


Go 400 


2*937 


0*393 


8*050 


1*411 \ 


4 


0*410 


2*960 


0*403 


8*127 


1*422 


5 


0*420 


2*990 


0*413 


80 162 


1*437 


6 


0*420 


3*009 


0*413 


8*053 


1*446 


7 


0*410 


2*965 


0*403 


0*100 


1*425 


8 


0 V 400 


2*946 


0*393 


7*990 


1*417 


9 


0*390 


2*920 


0*383 


7*939 


1*403 


10 


0*370 


2*866 


0*363 


7*S09 


1*377 


11 


0«370 


2 » 846 


0*363 


7*907 


1*369 


12 


0o390 


2*905 


0*383 


8*023 


1*396 


13 


0o400 


2*935 


0*393 


8*062 


1*410 


14 


0*410 


2*961 


0*403 


8*123 


1*423 


15 


0*420 


2*988 


0*413 


8*173 


1*436 


16 


0*420 


2*989 


0*413 


8*168 


1*436 


17 


0*410 


2*963 


0,403 


8*111 


1*424 


18 


0*400 


2*938 


0*393 


8*047 


1*412 


19 


0c390 


2*910 


0*383 


7*995 


1*398 


20 


0*370 


2*855 


0*363 


7*869 


1*372 
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Tl-.-T ;iO. 6 



Dates -«:l March 1954 
Te'Tvperature of Waters 63o5*io 

Purpose of Tests D* terrin* ti‘ c i o<.c^.aci ion»jjitudln«l 

pc-aition Coi th# lo5 iach stern hycrofcii^ 
vdLth ©<' * ^7®i r n *“ tceei dep th, for 
<j-ll runs« ^icndetript bow„ support 
device at stern <, 

Details and Location of each Plots 

Runs 1-5, f r l--0«063 tt» F.A.,Po, cu;ve 9 
Runs 6-10, fox l*0«0i'. ft* A.A.P,, curve 10 
Puns 11-15, for 1=^0*163 ft* F.A.P*, twrv© 11 
P.uns 16-20* for l-0*lj6 ft, /•.A.P., curve 12 
Each of thfi Above Cu«ve% v»ili be found in *^l 5 ure XIII* 



I^un 

No* 


Applied 

Ecrce 


Speed 

(knots) 


Total 

Ees is tape® 
(ibsp) 


X 10^ 

at 
70® F. 


V//l 


1 


OcAOD 


2*951 


0*393 


7*995 


1.418 


2 


0.390 


2.920 


0*383 


7*959 


1*403 


3 


0*370 


2*895 


0*363 


7*675 


1,391 


4 


0*410 


2*980 


0*403 


6*039 


1*432 


5 


0o360 


2*835 


0*353 


7*782 


1*362 


6 


0*360 


2*834 


0*353 


7*786 


1*362 


7 


0*370 


2,860 


0*363 


7*864 


1*374 


e 


0*390 


*• * 9 1 5 


0*383 


7*985 


1*401 


9 


0*400 


2*945 


0*393 


8*028 


1*415 


10 


0*410 


2*974 


0*403 


8*072 


1*429 


11 


0*410 


2*975 


0*403 


8*066 


1*430 


12 


0*400 


2*947 


0*393 


8*015 


1*416 


13 


0*390 


2*913 


0*383 


7*997 


1*400 


14 


0o370 


2*857 


0.363 


7*882 


1*373 


15 


0*360 


2*826 


0*353 


7*832 


1*358 


16 


0*360 


2*805 


0*353 


7*899 


1*348 


17 


0*370 


2*832 


0*363 


7*969 


1*361 


18 


0*390 


2.889 


0*383 


8*083 


1*388 


19 


0*400 


2*916 


0*393 


8*137 


j. * 401 


20 


0*410 


2*944 


0*403 


8*239 


1*415 



— S/j;— 



ts 



♦♦V 



00 mm 
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TT:CT ..’3« 7 



Dat«s 24 ‘ arch 195A 
T''Pp«r^:turo ol <^aterj 65 vS®F^ 

Purpose of Teits Doternin? tl r. oi' thf o*'timva^ «ingla 

attack ^or tin 1»5 i ch ctrm hydrol/'-il 
with l’*0o05 ito and h * weei depths 

for all rur.Sj Isndstrios on boro bup<*ort 
device et stern. 

Details and Locetl n C' E;-ch Plots 

Runs l~4i. f>:.i ^ = 0®, curve 13 
Runs for « 3*, curve 14 

Runs 9-11, loT^~ f®, curve 15 
Puns 12-15, for -1,18®, curve 16 
Each o* the Abcv% Curves will be found in Fl}ure XIII «, 






Run 

<Xw 9 


Applied 

Force 

.. _ libs A 


Spaod 

(knots) 


Tctai 

Resistance 
CibA,) 


X 10^ 

at 
70* F, 


V//1 


1 


0o360 


2oS87 


0,353 


7,522 


1,387 


2 


0,370 


2,915 


0,363 


7,587 


1,401 


3 


0,390 


2,970 


0,383 


7,706 


.1,427 


A 


0,40a 


3,005 


0,393 


7,720 


X , ,4a*4 


5 


0,400 


2,972 


0,393 


7,898 


1,428 


6 


0,390 


2,942 


0,363 


7,857 


i,4U 


7 


0,370 


2,886 


0,363 


7,742 


1,387 


3 


0,360 


2,850 


0,353 


7,675 


U373 


9 


0,360 


2,836 


0,353 


7,795 


1,363 


10 


0,370 


2,861 


0,363 


7,879 


1,375 


11 


0,390 


2,919 


0,383 


7,983 


1,403 


12 


0,400 


3,0’07 


0,393 


7,710 


1.445 


13 


0,390 


2,979 


0,383 ' 


7,659 


1 ,432 


14 


0,370 


2,925 


0,363 


7,531 


1,406 


15 


0o360 


2,591 


0,353 


7,501 


1,389 



S5 



• • j m 



OA#I0 -~nW/ 

- « •*• • — • i* • .»•! 4 * -. 1 / « • -• • *T iJmI Io «• 

/s»* V , n* r : i . • <-1 t%. «#i 

,e<)it I-*. • > . ".i/* *4^ ff^o,,-.i 

► •• .-^ •itmi, 4*,w# .»■■. -.! 

I I 

s^f Ml t% im tit •».; aa# iti%M 

V * (V '"'■ ^ ^ "V5 ^ I 

.4 i ** ^ Vs> >< ll •*TlM<’' 

^ • ' •n 

»t-..„ .•->l»l-‘ »>« rv^ilHU w- 

,:i*r - ^ ,51 %v-’ ji^i^rn « ^ ' ( p0^ 




mi f]Q, B 



Dbtei 26 Karch 1954 
Temperature of Waters 66®F„ 

Purpoeo of Tests Conpieticn of te:^s or d!etorrinin<,i the 

0 'tiiausB ang..e o*. att*c« lor t^,.e l»f inch 
stem hydrofoil -*5.th 3 = 0«05 ft* 1 
and 3' » keel dejithj for all runso Land- 
strips on bowe Lupport devide at stern« 
Details and Location ol’ Lach Plots 

Runs 1-5# for •■=-3olF®, curve 17. 

Runs 6-9# icr curve IS, 

Each of the Above Curves will be found in figure Xlli. 



Bun 
No V. 


Applied 

Force 

-XlbsJ 


Speed 

(knots) 


Total 

Resist* nco 
(lbs,) 


Cj X lO-' 
at 

70®F. 


V//L , 


1 


0,360 


2c895 


0,553 


7,491 


1,391 


2 


0,370 


2,010 


0,363 


7,621 


1,598 


3 


0,390 


2,975 


0.383 


7,686 


1,430 


4 


0,400 


3,003 


0c393 


i.nyi 


1, 44-3 


5 


0„370 


2,915 


0,363 


. 7,594 


1,401 


6 


0v360 


2,891 


0.353 


7.509 


1,389 


7 


0,370 


2,913 


0,363 


7,605 


1,400 


6 


0,390 


2,966 


0.383 


7. 734 


1,425 


9 


0,400 


2,989 


0,393 


7,814 


1,436 
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9C4.I 


m.'' 


•.^1. . •' 


u«. . 




1 
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TE- :T no, 9 



T'ctes k7 *‘iijcch 3.?5-4- 
T«mp*r*tuie oi V»atcrj 66o5*F« 

Purpose o» Testj Conpiiti ^n o » o stt*-ck. 

t«5t5 *:'* tN« lol If^ch *t<<rn hydrofo?.!^ 

with 1 - 0o05 I to ' AoP.j ^ 

h « Keel cer>ih| »ee «'une 1~4 li.ted 

bdlo>^9 

Dnginning o ? eptimM* longltiidtnai 
poeiti n t*it» for the 1«0 inch bteiTi 
hydrofoil -4th h ~ 1 inch -subo'ergence, 
and «=<' • »ee runs ‘j-Z9o 

Details and Loceti n -’f Eech Plots run* l-4» -o5 inrh 

foil, see Ao al39V«, plotted is 
curve 19 in Figure XIIIo 

The follow- inv runs pert«in to the loO inch stem 
hydrofoil^ their curves v411 be found in Figure XII, 



Runs 


5-9p 


for 


1 » 


0ol5 


ft. 




curve 


20 


Huns 


10-14 


fOJ 


1 *■ 


0o25 


ft. 


f' . ^ a ^ e ^ 


curve 


21 


Runs 


15-19 


for 


1 5^ 


0,35 


ft. 


F,A.Pa, 


curve 


22 



Huns 20—24 for 1 » 0o42f> ft, i .,A,P«, curv^e 23 
uns 25-29 for 1 = 0vl50 ft, F,/‘<,P<,p curve <^:4 



Aiodei equip '>ed with sandstrips on tos-, vdth cupport device 
at stezTJ, 



Hun 

No. 


Applied 

Force 

(ib3,) 


Speed 

(knots) 


Total 

Re? Istanc*' 
(Ib^,) 


C«j» X 10^ 

at 

70^Fo 


V/v/„L 


1 


0,400 


3,011 


0,393 


7o70G 


1,447 


2 


0o390 


2,976 


Oc 33v 


7,686 


1,430 


3 


0c370 


2,919 


0,363 


7,5T/ 


1,403 


4 


0,360 


2 o890 


0o353 


7,521 


1,389 


5 


0,360 


2,895 


0,353 


7,493 


1,391 


6 


0 o3?0 


-^,925 


0,363 


7,454 


1,406 


7 


0o390 


2,934 


0,38^ 


7,645 


1,434 


8 


0,400 


3.012 


0.393 


7,694 


1,447 


9 


0,380 


2,955 


0,373 


7,592 


1,420 


10 


C ,360 


2o902 


0,35. 


7,456 


1,395 



(continued) 
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TEST rjQa 9 (continued) 
D»te8 27 ficrch 1954 



Appli«d Tct«i '"'T ^ 

Pun Fore® Posit t knee «t _ 

Np, (Iftg .) (knott) ( lb s.) 7Q*F. V/V" L 



u 


0o370 


2 934 


12 


OoiSO 


2.962 


13 


0.390 


2.9J^9 


i4 


0.400 


3.012 


15 


0.360 


2.900 


16 


0.370 


2.930 


17 


0o380 


^.952 


18 


0.385 


2o974 


19 


0.400 


3.012 


20 


0.360 


2.C73 


21 


0.370 


2.902 


22 


0.380 


2.935 


23 


0.390 


2,959 


24 


0.400 


2.989 


25 


0.360 


2.898 


26 


0.370 


2.925 


27 


0.380 


2.939 


28 


0.390 


2.981 


29 


0.400 


2.995 



0.363 


7.497 


1.410 


O..373 


7,557 


1.4^3 


0.315 


7.618 


1.436 


C.393 


7.694 


1.44-' 


0.35-.’ 


7.467 


1.393 


0o363 


7.517 


I.4O8 


G.373 


7.609 


1.419 


o.3?e 




1.429 


0. ^93 


7.694 


1.747 


0.353 


7.609 


1.331 


0.363 


7.668 


1.395 


0.3S3 


7.906 


l.Uo 


0.383 


7.776 


1.422 


C.393 


7.818 


1 1 436 


0.353 


7.477 


1.393 


0.363 


7.545 


1.406 


0.373 


7.678 


1412 


0.383 


7.660 


1.432 


0.393 


7.784 


1.439 






TE-:.T MD. 10 



D«t«» 28 Merch 1954 

Temperatu '9 o ! Watar? 66 o 8 *Fo 

Purpose jf Tectg CoicpiftiiU of opti^nurv ionyitudiiel 

p 0 Jiti^.r, tpst. fjr th'. loO inch *tc*r. 
Iiydrofoii 'J-th h * 1 in h aue»»«*'§fcnc«|, 
«nd ^ “ -2oiS®., cc^r.G etri;iS cn bo«j 
Support 06Vi''>» at stvxr.o 
Details and Location of E*ch Pioti 

Rune 1~5> for 1 * 0o05 't« A*/.,Po^, cu.ve 25 

duns 6~io for 1 -• 0«15 ft.j / ,A»P,, cur\'« 26 

Runs 11-15 fur 1 * 0.30 A<,A.Pi., cu:.v< 27 

Runs 16-19 for i - 0.20 ft. F.A^Po*, curve 28 

Each of th® Aixjve Curves will be found in rt 9 uie XII. 



Run 

No. 


Applied 

Force 

(IbsJ 


Speed 

(knots) 


Totil 

R/^cistance 
(ibs^) 


X 10^ 

at 

70® F. 


V/y L 


X 


0o360 


2o899 


0.353 


7.475 


1.593 


2 


0.370 


2.926 


0=363 


7.543 


I.4O6 


3 


0.380 


2.955 


0.373 


7.596 


i.420 


4 


0o390 


2.990 


0.383 


7.615 


1.437 


5 


0.400 


3.017 


0.393 


7.670 


1.430 


6 


0o360 


2.888 


0.353 


7.534 


1.3S8 


r 


Cv370 


2.915 


0,363 


7.601 


1.401 


8 


0.380 


2,943 


0.373 


7.659 


1 .414 


9 


0o390 


2.969 


0.383 


7.726 


1.427 


10 


0.400 


2.994 


0.393 


7.793 


1.439 


11 


0.360 


2.876 


0.353 


7.595 


1.382 


12 


0.370 


2.898 


0.363 


7.693 


1.393 


13 


0o380 


2.925 


0.373 


7,756 


1 . 406 


14 


0.390 


2.950 


0.3S3 


7.828 


1 .41^ 


15 


0.400 


2.976 


0.393 


7.889 


1.430 


16 


0.360 


2.917 


0,353 


7,p80 


i.402 


17 


0.370 


2.9/6 


0.363 


7.Z.38 


1,416 


le 


0.330 


2.972 


0o373 


7.509 


1.428 


19 


0.390 


3o002 


0.383 


7.552 


1.U3 
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D»tc8 29 i»Urch 1954 
T«i«r)er» tur« of Vfaterr 66,8®F„ 

Purpose of Teets Determincti n o ’ tn# angle of 

attack for the 1>,0 inch stern hydrofoil 
»^ith 1 « 0,20 i" t. and h » 1„C 

inch suteergance^, for all runs^ S«nd~ 
strips on bow., lupport de\'icc stern# 
Details and Locati-a oi E<?ch Plot? 





Runs 


i-4;j for 


• “*'6,36* 


curve 29 






I’uns 


5-3, for 


C® s 


curve 30 






Runs 


9-12, for of 
i3~io for®< 


2® , 


curve 31 






Runs 


“ 4® 


curve 32 




Each of 


the Above Curves v/ill 


oe found in Figure XII, 






Applied 




Total 


Cj X 10^ 




Run 


Force 




Resit tenu© at 




NQj» 


Qb=J_ 


(knots) 




70® F. 


v/yi 


1 


0*360 


2,889 


0,353 


7,527 


1,38S 


2 


0o370 


2,917 


0,363 


7,590 


1,402 


3 


0o390 


2,962 


0,383 


7,763 


1,4^3 


4 


0«400 


2,993 


0,393 


7,798 


1,438 


5 


0o360 


2,902 


0,353 


7,458 


1,395 


6 


0o370 


2,930 


0,363 


7,522 


i,4oa 


7 


Go 390 


2,980 


0,383 


7,668 


1,432 


S 


0*400 


3,012 


0,393 


7,697 


1,447 


9 


0*360 


2,87S 


0,353 


7,586 


1,383 


10 


0«370 


2,898 


0,363 


7,693 


1,393 


11 


0*390 


2,950 


0,383 


7,823 


1,418 


12 


0*400 


2,980 


0,393 


7,869 


1,432 


13 


0*360 


2,835 


0,353 


7,817 


1,362 


14 


Jc370 


2,864 


0,363 


7,886 


1,376 


15 


0o390 


2,917 


0,383 


8,010 


1,402 


16 


0 »400 


2,940 


0,393 


8,088 


1,413 
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TrST NO. 12 



Date; 2. Apx"il 1954 
Tojr.p*ratu eof fc«tsrs 
Purpose o; Tests A. 



B. 



C« 



Detail* and Location o 



f» j r c 



•5, 



66 

* un. 1 
V/Vl ot JL 
sandstrio* 
cnly» 

is at 0.;.0 
i-.uns 6-10, Ro-irvaiuatk ?*i o' Cj versus 
v/yi oi r.a -iel v.lth ir:nd*trtp*^only, 
at 32 knot ranra^ 

' uns ll-iSj Ev.'iluctlon of vsi-ying 
th* depth of submcrg^rnc'' of tho 



\c- A *.lij„ ixun 01 C~ vorius 
<.• t rsn.je of • occl *fj.th 
and hy-' rnfoii upoo't device 
hyc»“*. ‘'oil support d*v re 
Ite ^ ./.P„ 



C-snds trips 
stem* 



Huns 

* 

Huns 

or g 

X o ^ ( 



11— 14j 1 
-3*18^ 
IS, 



15 

-3as* 



« O W 

one 



ch< 



loO inch st'^m hyorofoil* 
on bowo ouppsrt device st 
Each Plot! 

Runs i-5> curvo 33«, t-i^re XI« 

Runs 6 -IO 5 curvo 3x, Figure IX* 
incfi foil it 1 *’ 0*^0 fto 
h = keel depth* Curve- 35 » Figuie XXII 
inch foil at 1 = 0*20 ft* F.A.Po^ 
h = 1,0 inch below water line, 
rd length. Curve 36, Figure :XXII» 



Run 

No* 


Applied 
Fo'. ce 

.. 


Speed 

(knots) 


Total 

Resistsnee 

(lbs,,) 


>c 10^ 

A 

at 
70* F, 


V/y L 


1 


0 0 490 


3*110 


0,393 


7*215 


1,494 


2 


0,330 


2*904 


0c323 


6*811 


1.396 


3 


0*320 


2.875 


0*313 


6*735 


1*382 


4 


0.340 


2*927 


0*333 


6*908 


1*407 


5 


0*350 


2*956 


0*343 


6.967 


1*421 


6 


0*300 


2*651 


0, 293 


6.410 


1.370 


7 


0*310 


2,881 


0*303 


6 a 492 


1.384 


8 


0*320 


/;*906 


0*513 


6*590 


1,396 


9 


0*330 


2*936 


0*323 


6*658 


1 *411 


10 


0*350 


2*992 


0*343 


6*803 


1 *438 


11 


0*350 


2*86.i 


0*343 


7*440 


1*376 


12 


0*370 


2*918 


0«363 


7*531 


1*402 


13 


0*330 


2*940 


0*373 


7*671 


1*413 


14 


0,390 


2*953 


0*383 


7*809 


1*419 


15 


0*350 


2 e 831 


0*343 


7*352 


1 0 p§4 


16 


0,3‘f0 


2*942 


0*353 


7*455 


1*414 


17 


0*380 


2*967 


0.373 


7*532 


1*426 


18 


0*390 


2*992 


0*383 


7*600 


1*438 
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5 A3.'.11 1954 

Temper* of liters 67*F» 

Purpose of T*sts Corai litl.n of eveluftlonoi /*r\ang 

the deoth of 5ubt*eroer.c.e cf th< 

1„0 inch srom hydro?cil„, >ndstrips 
on bow« ^^upport devic« at stcn^, 

Deteiis and Location of Piets Tuns 1*0 iivch -oil 

at 1 ^ 0-.<‘-0 rt<( F»A*?op ©<'« ~3o 16*^8 
h = 0t.6S7 inen beiew .-j»t r lineo 
Curve 37 j Fi.jur« IC-IIo 



Hun 

No. 


Applied 

Force 

Clbs J . 


Speed 

(knots) 


Total 

Hesistanev 

Clbn,) 


C.J. X 10^ 

at 

70® F, 


v//l 


1 


0o350 


ZoSBj^ 


0*343 


7.342 


1 a 386 


2 


0.370 


2.937 


0»3o3 


7.486 


1.411 


3 


O.3S0 


2.^563 


C.373 


7.556 


X . 4^ 4 


4 


0c390 


2.993 


0.3S3 


Vo 602 


1.433 


5 


0,360 


2*907 


0.353 


7.434 


1.397 


6 


0.340 


2^850 


C.333 


7.299 


1.370 
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Tt?ST rOc lA 



rate? 11 1^54 

Totnpcratur® of ’ ateij 68, 5® F* 

Purpose of Tests A, .un‘;_l— 5^ Rc-cvfrluotion o G-p versus 

V/\/L -it t!' 15 ^not ron.-"' fdr G"* 

sondid nodcic No ^y*j[l'. foils or J.ydro- 
foil support device are attactiSd to 
tho model* 



B, Run^6->10, Re~evaiu. tl n of C versus 
V/y/ L ct thv 15 knot r^ng® fo? t'-.' 
sanded nodol, >*ith st»rn hydrofoil ^up’Oit 
device attached at 1 - 0*20 ft, 

No hydrofoils ettachcd, 

C. r}uns>_il~15;i Eviiucti-'n of C- versus 

V/V L at the 15 knot range for the 
ioO inch stern hydi-ofoii loC'-ted at 
its optiraura powiti^n^ 1 = 0,20 

ft« F,A,P«, h « i inch submercjenc® 
and ^ « -3,18*, 



Do Runs 16-35> Determine tion of the 
optimuin angle c£ *ttack for the 

2.0 inch stern hydro I'oil with 

1 ^ 0o05 ft* A.A.P., and h *= keel 
depth, for all runsc £«ndstrips 
on bow, support device ?t stern, 

E, nun^36~39> Evaiu tion of C-. varsus 
V/»/L at the 32 <not range xor the 
p,0 inch stern hydrofoil located at 
its optimum position, i,©,, 

1 = 0,175 ft, ■ ,A,Po, « 3» end 
h S' keel depth, for ail runs, Sand- 
strips on bov#, support device at 
stern, 

1*0 Bunr^40-44j Evaiu tlon of Gj. versus 

V/ y L at the 15 knot r«n ?e tor the 

3.0 inch stern hydrofoil located 
at its optiniim oositi.-n, i,e,, 

1 =• 0,175 ft, rV.A.P,, P®, end 

h = koel depth, for all runs, band- 
strips on bow;, cup 01 1 device ^t 
steini. 
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►<* J-’ •*« • i^im^fpKl 

f*iw fj |»a# 3^ j\\ 
.1^ l«#i» "S*^ Sf^f » <t>«u c ., 

CUrV * * J.#»* y«pp ,fj 

U.4 .il 

artf 



OC/' 



i:-/^ ••■ I U. 4 • ^ i 

♦ ♦* 

^•' I* 4 'Q^ 

J <x»tia !> 

/i<»i#ii*|t r^ 5 * iUf«i. 0 ,i 

lm*s * 4 gH ?Cg,r. ► j 

■ • *#li |Ci,« » * , •rtt/n ^ J ^ ■•(tl 

.«t^«t. if »oly«ft )^toU *•«> 

wr^s t f-., — 
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TC- T iO, lA ( c -;n tinu. d) 



Dates 10 >^prii 

Pur>c5se of Te&ts Ga *’uns 45-49^ Evalufticn of versus 

y//~L . t t'.i 32 knot rang*? for the 
3.5 inch stem hydb'Oioil locat*'d st 
it? optimum »>ositi‘.n, 

1 - 0.125 ft,. ~ 1®, 

h = koel deotho 

Location oj Lech Plots 

i~5j, curve 33^ Firure !,>(« 

6~10# curve 39> Figu. e X» 
li-lSj cur^'® 40> Figure XXI.> 

16-19> = 0®, curve rigure XIV. 

20-^23, curve 4^t Figure XIV. 

24-27, " 5"j curve 43? Fi^ur-o XIV« 

28-31 <, == -lol8®, curve 44? rigur® XIV. 

32-35, -3«18®, curve 45, Figure XIV* 

36-39? curve 46? Figure XIX* 

40-44? curve 4?? Figure XXI » 

45-49? curve 4^, Figure XIJCo 



Details and 

P.uns 

F.uns 

Huns 

Runs 

Runs 

Runs 

Runs 

Huns 

Runs 

Runs 

Huns 



a J 

:3i o 


Ap.-iied 

Foi'ce 


Speed 

(knots) 


Total' 
Resistaace 
_(l hs o^) . 


0,^ X 10 

at 
70® F* 


V / /I 


1 


0*070 


1,316 


0*065 


6*693 


0,632 


2 


0.075 


1*333 


0*070 


7*015 


0*641 


3 


0*080 


1*440 


0*075 


6.430 


0*692 


4 


0*074 


1*373 


0*069 


6.518 


0,660 


R 

y 


0*078 


1*429 


0*075 


6*355 


0*687 


6 


0o078 


1*394 


0,073 


6.691 


0*670 


7 


OoOSO 


1*421 


0,075 


6*614 


0*683 


8 


0*075 


1*365 


0*070 


6,691 


0,656 


9 


0*074 


1*350 


0*069 


6*745 


0.6*9 


10 


0o070 


1*301 


0*065 


6*847 


0*6/. 5 


11 


0*080 


1*310 


0*075 


7*795 


0.630 


12 


0*085 


1*365 


0*080 


7*649 


0*656 


13 


0*090 


1.418 


0*085 


7*529 


0*681 


14 


0*095 


1.472 


0*090 


7*390 


0*707 


15 


0*088 


1*401 


0*083 


7*531 


0.673 



(continued) 
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TUT lA (continuid) 

10 April 1954 



Run 
No a 


Apoii*: d 
fo/ce 

- __Qbfc . 


'^peec 
(knot&) __ 


Iot;i 

. . 


70®; « 


V//L 


16 


0o370 


2.958 


0.363 


7o392 


1.421 


17 


0o380 


2.983 


0.373 


7.469 


1 c 4o4 


18 


Oo360 


2.92s 


0.353 


7.338 


1,407 


19 


0.350 


2.896 


0.343 


7.294 


1.392 


20 


0o350 


2.875 


Cc543 


V . <^>0 0 


1.382 


21 


0o360 


2.903 


0.353 


7.470 


1.395 


22 


0.370 


2.931 


0.363 


7.5,'! 


I.4O8 


23 


0.380 


2.963 


0.373 


7.571 


1 , /^rf^4 


24 


0.350 


2.835 


0.343 


?«6l3 


1,362 


25 


0o360 


2.863 


0.353 


1' /?'• 
.• u wvw 


1.376 


26 


0.370 


2.893 


0.363 


7.736 


1.390 


27 


0.360 


2.920 


0.373 


7.79s 


1.403 


2S 


0.350 


2.899 


0.343 


7. ^-78 


1.393 


29 


0.360 


2.928 


0.353 


7.338 


1.407 


30 


0.370 


2.960 


0.363 


7.382 


1.422 


31 


0.330 


2.990 


f ^ 


7.432 


1.437 


32 


0.350 


2.891 


0.343 


7.31? 


1.389 


33 


0.360 


2.920 


0.353 


7.380 


i.403 


34 


0.370 


2.950 


0.363 


7.433 


1.413 


35 


0.3B0 


2.^782 


0.373 


7.473 


1.433 


36 


0.350 


2.812 


0 . 343 


^ 

i Q i A:ydf 


1.351 


37 


0.360 


2.840 


0,353 


7.835 


1.365 


38 


0.390 


2.923 


0.383 


7.990 


i.405 


39 


0.410 


2.975 


0.403 


8.115 


1.430 


40 


0oil5 


1.479 


0.110 


6.Q34 


0.711 


41 


0.110 


1.429 


oao5 




0.637 


42 


0.U3 


i.456 


oacs 


9.037 


0.700 


43 


0.118 


1.508 


0,112 


S.SiO 


0.725 


44 

■'rnr 


0.108 


i.404 


0.103 


9.. .75 


0.675 


45 


0.380 


2.957 


0.373 


7.600 


1.421 


46 


0.380 


2.893 


v) .353 


7.5-3 


1.390 


47 


0.570 


2.923 


0.363 


7.^72 


1.405 


4S 


0.390 


2.981 


0.363 


7.681 


i.432 


49 


0.340 


2.835 


0.333 


7.338 


1o362 
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rates 11 April 1954 
Temperature oC Wetea'S 680 

Pvjj oo^e ot Tests A« ‘■'unt 1-165 . ti n '•‘fttlj^r* 

lcngitu6iri«ii po‘»--tioti ’i'* the ioO 
inch bow hyo'xwiuii itl « 0® and 
h » keel depth, ior all rune« t«nd-> 
strips on bor\ Cuprort 'levice at 
bo Wo 



Hu Puns 17-32, Deteri. insti -n o* the 
entiman anglv >■ f rttock f;»r tiie 
2^0 inch i-ow hyc’x'o^oil *»ith 
1 » Ofcl? ftv. h * i*®©! depth, 

for all runi^ tandstri:)* on bow* 
Support device at bowg 

Co Funs 33-36, Evaiuati.n r-f C,^ versus 
V/ L at the 32 knot ranee for the 
sanded tnodel, with the bow hydrofoil 
support device attached at 1 « 0»15 ft, 
F.FgPo Ko hydrofoils attachedo 



Details and Location of Each Plots 



Huns 


i-4. 


1 


W 


0-20 fto r,r,p.. 


Curv- 


Runs 


5-S, 


1 




0o30 ft- 


c urve 


Runs 


9-12, 


1 


55 


0-10 ft- F.F.P,, 


curve 


Runs 


13—16, 


1 


33 


at F « H 0 


curve 


Runs 


17-20, 




oC 


=* -3oXS®, 


curve 


Runs 


21—24, 




<V 


* -I as®, 


curve 


Runt 


25-28, 




V 


» 1®, 


curve 


Huns 


29-32, 




ex' 


* 3®, 


curve 



4^0 

5O0 

51- 

52- 
53 o 



All of the above curvo'^ will oe ^oynd in Figure XXIII 0 
Puns 33 - 36 , curve 57, ‘i igur® XI- 



Hun 

NOo 


Applied 

force 

. . _C.ibs J _ 


Speed 

(knots) 


Total 

Perist-^nce 

.. ._.ilb»U ...... 


C^. X 10^ 

i 

at 
70^ F« 


y//L 


1 


0-340 


2.828 


0.333 


7.426 


1.359 


2 


0.360 


2 o888 


Oo353 


1.5U9 


1.368 


3 


0-3S0 


2.950 


0.373 


7o639 


1.418 


4 


0v400 


3-012 


0-393 


7.717 


1.447 


5 


0.340 


2.612 


0.333 


7.515 


lo35i 



(continued) 
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TfcbT (co..tinuvd) 

rates n April 1954 



Ruj’i 
No 6 


Applied 

Force 

iibSvJ 


Ope&d 

(k.nots) 


Tox. ^ i. 


t 10 ^ 


V/^/i 


6 


0 o 360 


-C.875 


, 

0.353 


7.616 


1.382 


7 


0 o 380 


2.937 


0.373 


7.706 


1.411 


S 


0 4*00 


2.998 


0.393 


7.789 


1.441 


9 


0^340 


2 0 Sjc /^ 


0.333 


7.447 


1.357 


10 


Co 360 


2.868 


0^353 


7.549 


1 . 336 


U 


0o380 


2.945 


0.373 


7.664 


1.415 


12 


0o400 


3.003 


0.393 


7.763 


1.443 


13 


0o340 


2.720 


0.333 


8o032 


i.307 


14 


0o360 


2.776 


0.353 


8.172 


1.334 


15 


0o3S0 


2.828 


0.373 


8.318 


1.359 


16 


0.400 


2.832 


0.393 


8 .2)40 


1.385 


17 


O-34O 


2.805 


0.333 


7,551 


1.348 


18 


0.360 


2.865 


0.353 


;.669 


1.377 


19 


0.360 


2.920 


0.373 


7.800 


1.403 


20 


0^.40^ 


2.977 


0.393 


7.903 


1.431 


21 


0o340 


2.827 


0.333 


7.430 


1.358 


22 


0.360 


2.889 


0.353 


7.542 


io358 


23 


0.360 


2.952 


0.373 


7.628 


1.418 


24 


Go 400 


3.011 


0o393 


7.723 


1.447 


25 


0.34il 


2. 808 


0.333 


7.535 


io349 


26 


0o360 


2.671 


0.353 


7.63$ 


1.380 


27 


0.3SO 


2.930 


0.573 


7.743 


1 0 408 


28 


0.400 


2.991 


0.393 


7.826 


1.437 


29 


0o340 


2,744 


0.333 


7.8S9 


1.319 


30 


O.30O 


2.802 


0.353 


3.023 


1.346 


31 


0o360 


2.665 


0.373 


So 104 


1.377 


32 


Op 400 


2.923 


0.393 


8.201 


1.405 


33 


0.320 


2.877 


0.313 


6.743 


1.382 


34 


0.340 


2.932 


0.333 


6.902 


i.409 


35 


0o360 


2.9«5 


0.353 


7.008 


1.439 


36 


0.350 


2.965 


0 . 343 


6.952 


1.425 
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APPETiPIX ,E 



Cer.pie Calculations 



i J 




/^ppg'i rix E 



C4icuit 5L*0(j« 



M.-.d©l DT«B-»m 332 

Consider P.un i of T«»st 1, conducted on 12 1 eb^ 1954s 

Length, L « 4«333 ft« 

Wetted Surface, o » ».„028 sq«ft, 

Weter Teriperature * 66® F» 

Fresh Wator Deniity, ^ « lo93?.l &Xuge/ft«,^ 

Fresh Water iCineraetic Viscosity, v * 1^1133 x 10 

fta^/seCa 

Applied Force OoOlOO IbSo 

Speed 0 o 615 knots or io038 fto/s»Cs, 

♦Pulley Friction Corresponding to Speed 0^0041 lbs. 



* The pulley friction is read from . cAiibration chart 
a t tl To err ng Tanka Xt is i^h® fxrc ^j*on arising 

fron the 5 ib„ stetic tensi n in the tovdng cahlfio 



i) Calculation of node I total r esistanc® 
coefficient at testino tomperatyr® 

Force acting on the triodcl » (’Applied Forcv) (>ulley Frieti 



Rj. * OoOXOO - 0v004i =* 0.D059 lb„ 






Za .a. J S 38 



O0OO59 



WWW 

id. 



l/oL 1(1^9371) (2.02s) (lo038) 



2.786 X 10‘ 
rt 66*F. 



Wti <« •» ,i M.T Ti* £ 44," ••I 

'* "• « ^jvd 

C ., _ 

t>i •*<>.'• Ir ' »• • 

/ tcu*i - # 

. i '^,fS 

•r-*/ OOi<f*A; 

.^ • ..•• nc.: c» 41--S )/A.t 



• »C.' *r»>^ 



f .*41^ 

^•UAif « Mpif f ft » 



W# ^,>l>|jitt 



♦ f p . 

'f I J# . 

' *f i%| tl-V,! 






il ffliliC 4§ 

.T.j,! #« 

' t ^ 4Vi(3 



A.U:irt<,V,..Ufct ft 

wlnifi y, -j (e^ •C||<«9U#')» mJ o» 

• Aif«A • -S*^ 



• *-J •' r. 

.__ 4> 



\i’ - .c^. v> . ^ 



' *“< 10^4 



• a 




2) <-o > recti on of Kod-.l tot .1 ^ 

coefl Iclent to i t^ndurd t g' vor< t j/e Oi 7'^”F 



r«ynold*« number et fc®&t t eo*ptra tur* *= -b 






Uil33xlO 



-0 



4.042 X 10' 



R®VT^ol-<i*s nui-b«r 70* Fo --- 

lvG352 X 10“^ 

s Iro2.(>t> X 10^ 



Using Sctioenherr’ -s fcxmul? tS.cn ior fi'icti'-n ?1 re~ 
sistance coe'ficient as tabulated for vc; 0 yinc F'eynold^s 
nu'nber in reference (12), obtains 



et 5 






40O42 K 10-^, Cp 



~ i. V ^ 

^ y/s*A.v'^ *Vw 



m 



at K = 4 o265 X 10^, Cr: « 5«225 x 10' 



Correction to ~ (5.225 - 5.2?J3) x iO”-^ * (-) 0o05S x 10 






Finally, at 70®Fs 



C-. « (2„7r^6 X 10*“^) ~ (0.05?5 X i0“^) « 2«723 x 10“^ 



3 ) Speed Icnypth ratio for ron 



Speed length ratio Xr ® — — - 0.296 

/L /4o333 



•*^* 9 *“*' 



• #«ftf i« 






• t • »4 ^ 

^ * ■***''' ** ••*^'* •'*<ww«* 

* 0 f * A * 

-•m U^xUii*' mmkI*Cjmn4¥ • #%NiU 

iriW-!<* mi %{iJ) 111 KSilMfH 



' ) (t*,/ < 



V ci^a ^ H 



Ad • ^ ^ 

"AX « Mc .c M • ^**0] 4 



fSi.?) % ^ 



aX iHL'iJ • 



t r*Ar 3 i ,y UahIT 

«rr.i - f<^-oi . fcf^) - (i->i| » »«».) . ^ 



• 'X 






-r - — ^ * 

n*u 7 ^\ 



>' 



-\ 






i^lpJAliUjinx 

Throughout th* cticul^:tA^n» th» p/ ••>r%d sur- 

f«c« u»ed .*•» al»»ay.> tn-t ol ti»c s^ac'el ooiy nut th» iMdaJ 
piu$ that or any attached hydroloilo A* a th« 

v»iue% of C-j. obtalj*ad ar% ifij hAg><ar t\?^n h»*a b««<A 

ti:e case it the added -netted surfact 9i tAlIi had 
been inciudad„ 

Thi* scti-u it juetiflec on tte**e g»‘>iundtv The foil 
is not ncroaliy considered part of tlK aaodelc Honce^ it 
tha calculati-i\i show that a vslue of ii obtsjrted v*<iich 
is less than the velut of vsdthout the foi.l>, It is t 
positive indi<?4tltn that the reduction du« entirely 
to the hycirofoiif. The attempt, therefor^jj to *i®«p 
Rodel and hydrofoil separate and di&tlnct in tiu. calcu^ 
istions io &t to be able to paint toward &n» iffipiovetEent 
a» being due solely to the tdced preaenc*. c; hydiofoil. 
There is^ accordingly^, • eofaron basis for diiect cotapariso.n 
of tot<il resistance coefficient »ith and witi'iout hydrofollso 
In reference ( 5 ) a^lll be found eddii-iouai ci j.scus9i<-*n 
this points 
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!•»#« U ^»4—r •4#*mi#^u. u. ^cy)uv<^kMT 
•*V #VY t<i •• »r> \| >AiU <#^*14 •••• •*«iT 

•»U tiUrArf « ^ b«fil;AJ3« fAt M 

'—I t«#4..i ^u n« o*.a^»## ^ i» 

^••j tIAit tMlva« ttitf >A «t »9 a^ 

4 i« •!<» iiMTi ^ ^ AMt 

ti i^AbAIi .|a«<fM %4t U ft«£A4l#A9« yltlKMI ^«i| •! 
4a..UiJa U j^yt^*kfih9 a li.U>4Cu»li« «iif 

• #1 *xi»l 449 ili^rtiji J^14 >.u i»*i a 

T 

•# *9 «r^a9%n4# ttfr .Ualaaii«ii ^9 <«a 

«a9(a: a4l iiA 4r» iU)rUrf/v ^ l«4e« 

inacrr'yi^A trnmnS 9«*i44 •# •1^«» %< oi »t aa 4aa4j«x 
•l£9i'.^L&V*f «a# !- viO >« ^ia |«Aa4 •* 

^44Ka«p>^,« ^^txla tai 4iMi h> — f ^ ,ij #^ff 

^»iiwc«*r» f ,r,.9jia ai l .*^4. 4j.f.«4 aro9 u 

I f 

•» iMiattdmM •« tii» (<) 

fti4| 



/ 



(f 





4 * 






i 



I 

I: 



I 



I 



V 





/PPC»PXX F 



Exp«ct«d Incr*«.vG in Cj. «t Knoz ^»n?i0 D>j» ~c 

Hydrofoii v.«'ft#d iurfsis 



A« ni<mtioned in Appendix E, tspol* Calculi tio^*^ 
tho RdditionaX ef th* hydrafpile \*m3, net 

•d-deci t*« th*tof th# a»dai vrben ialcul»tinc the yalu»« 

#f for the v«rlou4 xunSj 

i 

Mo»* the result* o: the stem hydn»fo.»i ^juaiysie 
indicste th«t r.uns -i th# viv® hydrofoils reiulted in 
a Cj *t the 32 knot xany® was lower than t’n# vvijne 

oi Cj to b# expected without t/ie pres»iC‘® o- Jr/drofoilSj 
Accordliiglyj it is not possible to evaiuat# the <b#v% 
reducing effects of th* hydrofoils unless -.o first know 
whJt w»s th# sff#ct of tho f ricti-'-nai res.l*t*nce Cftussd 
by the hydrofoil wetted surface? 

Th® following caiculstlons were therefor* m»de to 
evaluat# these ©died fx.-j.ction^l r«sist»nc* eifecls? 



lOl" 



tM Ki mnf^M ftM/M hriHMIft* ^ 
«m 4«« •« yaUaiMl^ «M> A«iit .if tfrlMViaf MM*. 

-.a^ Mktttr *9 Ml r» 

MUC M* mM MMl ». ^ ^ fM K ^ It ^ » 

l«*4wwiw» *• I^MI■ ^ ^ MMIM M M 

M«« Mt UMltM M •MlMM'i**>«i^l 
*«< •l«tT M iMtlil <W«la«tM U owt^* fMMMV) 
MW**Mf3 itMOItivI *4 ft fM\U *4 ta» 

MiatMt MM« TMaMM M# |4 
* •• ••••—«» m* MiMtol MT 

L UxotfiHt %MM «*MI WMiaM 



(.j o»' •sDiTc-d (njt ■^cil *j*' 't otvitf) 

at 3 < Joiot " 6<,6 aD IG 

Addcsti Incroreeot *o Cj. nr-(j*id by •t««n foil ^ 
device * Go 24 S x 10*”^ 



Sp«n of Foiif » 5 a 1)30 inches 



Model Wetted Surfece »• 2-'.0.?C Ci^, 



roil 'eetted ^oxTece 



Foil) X (f' 0 'i-ttk£} Psrir-e tor) 



Percent Increaso in Itottid Cu/fcco « 



foil '. etcftd Surface „ ,«,v 



Expected Cj due to Add«d ^‘©ttod Surface 

•a (1 f &2|J'g®a£)(6o6..0 X 10“^) 



The figures in the far riejnt coiuRii era aiotcea a© d««heo 
in Figure XX o 



Chord 

Length 

ilndie®!. 


Wetted 

Pei'i- 

Rieter 

_iinchesl 


Foil 

•retted 

ourfac® 

S'!!. 

in », 


Foil 

^i^etted 

ourface 

^ VJ J 

_ ft- 


Percent 
In ere*' 
in 

Wetteo 

Gurf»c.‘ 


Lxpecte<^ 
e C.p du£ tc 
Added 
Vetted 
2 Surfect 


Expected 
^ C~ plus 
AC- 

due to 

ouDOort Devlt# 


loO 


2.01 


10.71 


0.0744 


3.670 


6.870x10”-^ 


7.118x10“*^ 


1.5 


3.15 


16. 7S 


0 o 1164 


5o735 


6.990x10"^ 


7.238x10^^ 


2oC 


4-a22 


22. S4 


0.1537 


7.810 


7oI30vclO“"*^ 


7.378x10“”^ 


2„5 


fv25 


21 M 


0.1942 


9.570 


7. 5:40x10”^ 


7 o 48 «x 10 ”*^' 


3-0 


6,27 


33«45 


0.2322 


11 0 44 c 


VaSTOXiO"*^ 


7.818x10'"' 
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l.r'**towt,r d$Ui. 






*«r^ Mvit 

■ 0.0 «uu 



M.t 






Prediction of 
for 2 inch 



0?)tinm LonQitud 
Bow Hydrofoil at 



nri Position 
2. » 92.0 Knots 



•P EMriX G 



Prediction of Optimum Longitudinal P-.t >iti -n io^ Z Ir.ch Sow 

Uycrofoil at 2o9&0 Knott 

5.y » 801 ‘ie* of •bsfcivotlins of tii% t. «rf5.vejrs* Koft 
wove pxofll«j It was astoblish^d th»t the crest or tho 
fir»t bow wave occurred at a point 12,09 loch-, c ei t of 
the Forward Perpendicular, New crevtoua investigatS one 
on bow hydrofoils indiceted that the hydroioii should ba 
located >ne quarter wave length forwaxd oi the first bov^ 
crest, 

Folipwiny rete- ‘nee (2) the ixpresslcni; 
iengt5i srei 

\f 2 

L 

0,557 =* 0,557(2,920 x 1,689)^ 

^ - 4o74 fto 

Then ** lol85 ft, « 14,25 inches 

Finally^ rw coKstiended posit5.in &2 bow hydrofcll was found 
to b«g 

iiefct Position « i4o25 «“ 12,00 S,25 in, lortfsxd of the 

forward perpendicul^ro 
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liA <1 



~ # «4# u .. 

Ml t4< i: |«4iii^ 

* - ’• -^rvaM»> rv»» «i«a 

iiM i. I 




%• tih. « ve^-j ^ ,, 

1 ^ ^ IAWw»i»^ a* 



• W9 «»• • 






in« 



(-^)ji r?t*o * 

4 

i"^.4 # fmulrti»o • *v - .< 



M *4 . ,< 



4«4«^| U^i • >, ^1^1 



•• Uatr^ir 



•■ 'w/ST 

if /i^«i« 




•§ 



’ •'-»i * 



•* #uf£»* ^ 5 m 



-^4i- 



Dy txpwr%m*rtt^ the beat na^lVi -.i ♦ •t»bli4h&<3 

•I ^«inf lo80 incho* torwArd lorv :ci P«rp@ndi-ul* 

th#refor«8 

E’tot in Prediction ^ <oP*3 - 1^80 •- 0*4^ inch 

Considering thit visual 0 D 6 aw 2 tlo)- was •Atployed 
to establish the position oi ti^e crest^ xhls 

st>all error is quite eccoptabi® in Making 6 Jirst 
apprbximsticn to tlie proper location j 








mt 






I 



jm 












•?*** if 

>*«♦ j •■Mm *! •• " 



* ri * a 

tal 94bm aa 4^, 






9^ it mfi 
t 






'• . * 



ir> 



— » . • M «l^* 



«ifi- 




■■■ 4 



1‘sti.rnate o f th# J*’.aQnitud« of Lriorii 



There wexe five axpefiracntally controlled ox i*e&&ured 
variables in this thesis* They are listed beio> and for 
each is quoted an estinato of the possible error that nay 
have occurred in their msesureisent! 



Towing Force 
Towing Velocity 

Hydrofoil Longitudinal Position 
Hydrofoil Angle of Attack 
Hydrofoil Depth of Submergence 



+ OoOOOi lb« 
OaOOl knot 
t O 0 OO 2 ft* 

± 0o25 degree 
•I* 0,002 ft. 



The error introduced by the cracking ol' the model *s 
bottom paint is not readily estimated in the manner shown 
above. This fact lessens the quantitative value of the 
resu^tsf. however, th® qualltrstive results suffer absolutely 
no depreciation because of this situatlonc The significant 
results of this thesis are qualitative in nature and 
accordingly their accuracy is a function of the thoroughness 
of experimental investigation. By thoroughness is meant 
a rigorous search into all the facets that influence the 
perfomanee of a hydrofoil. It is on this basis tlict the 
thesis must be objectively v?.ewad. 
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^ ttUi^W t$ U1 u m m t p9\m tvil •••■ ••fill’ 

tibif 4l 1 1 iiiijinr 
Ml >t ftIMif# « 4i 

m^tx, 

9mt^ 

•fi mM t 
M9M t 

•^1 If#*^ ^ 

«v 

w T# ••MfciUig Wt#« M 
’*■"« ^ tUM !«■ «| #Ali% .dMM 

#i9 U rn»k3%0i3mmi M •fVMfl ♦Mt tMI 

amm «#i«M 99ki%k$Umr mm %i9^mm 

Ui^tUmu kM 4wl#»iaiii 4t4» U fftawa m 

ta n Mni p#l|a t i i 4<y •o tli*ilr Aiitt ft MXitfvt 
att^MivaaiV 1 ^ la aaMadnl • tJ ^ liaawa Tfrrti ^ IfajiHaaia 

aa» aaraviiM ^aa» awwai Mf^ifa ainl a^«M « 

M«f utm Mar aa ta r; fiuiai^a • w «MnA>«^ 

^ »aaiaM f IMi4Ml>a ##■« »4a«4r 



fatat $nMt 
0inmuir aOa^T 
t<^ia<4 lavJMfiaM M M ian fl 
Mi#M ta al|M 
iiManBaaa iMIiaa yit 




oec 1 (> 

V?7 V^-nin£, <>0O i.v^ 
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